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ABSTRACT 
TABITHA S. COMBS: Relationships among access to Bus Rapid Transit, urban form, and 
household transportation outcomes: Evidence from a quasi-longitudinal study in Bogotá, 
Colombia 
(under the direction of Daniel A. Rodríguez) 
  
Bus Rapid Transit (BRT) has become popular as a means to provide reliable, non-
automobile-based mobility and alleviate impacts of rising traffic congestion in cities around the 
world. To date, however, there is little empirical evidence supporting BRT’s potential to meet 
these objectives, and limited understanding of the urban form conditions necessary to support 
BRT. This research improves knowledge of BRT’s potential as an alternative to vehicle 
ownership at the household level and provides new evidence of the role of urban form in 
supporting transit investment.  
I use a difference-in-differences research design to examine the changes in vehicle 
ownership and non-car mobility from before to after implementation of Bogotá, Colombia’s 
TransMilenio BRT system. With respect to vehicle ownership, my results indicate access to 
TransMilenio’s main trunk system is negatively related to the odds of vehicle ownership for 
higher wealth households. Among lower wealth households, access to the main trunk system is 
not related to vehicle ownership except in neighborhoods with urban forms that are supportive of 
walking, bicycling, and transit use. Furthermore, I find access to TransMilenio’s feeder system 
(which brings passengers from peripheral neighborhoods into the main trunk system) is 
associated with an unexpected increase in the odds of vehicle ownership. This increase may be 
due not necessarily to the introduction of the feeder service itself, but to concurrent policies of 
upgrading roadways and investing in housing stock in feeder served neighborhoods. Regardless 
of the cause, however, the increase in vehicle ownership among lower wealth, feeder-served 
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households appears to be reversed in neighborhoods where urban form supports transit and non-
motorized travel. This finding suggests the importance of a concerted effort to coordinate transit 
interventions with urban development policies that support those interventions, particularly in 
lower wealth neighborhoods.  
I found no evidence TransMilenio access was significantly related to non-car mobility 
(tour frequency, travel purpose diversity, and vehicle independence) among lower wealth car-less 
households. Relationships between mobility and urban form were ambiguous and inconsistent. I 
attribute these results to limitations in the available techniques for measuring mobility. I describe 
to improve the validity and reliability of these techniques in future research. 
v 
For Lucy 
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 CHAPTER 1. INTRODUCTION 
Constrained urban road space and poor traffic management have led to paralyzing 
congestion in the major cities of the developing world, even with relatively low levels of 
automobile ownership (Gwilliam, 2003; Pucher et al., 2007; Sam John, 2010). This severe 
congestion has dramatically reduced the reliability and speed of traditional bus transport systems, 
and has, in a few cases, caused public transit to collapse altogether. Not surprisingly, a rapidly 
growing number of households in these situations are abandoning transit, opting for other forms 
of transportation such as taxis, motorcycles, and cars, and in some cases cutting their travel times 
by nearly one third (Willoughby, 2000; Creutzig and He, 2008).   
For households that can afford it, vehicle ownership is the most promising and immediate 
means of closing the growing gap between the demand for and the supply of personal mobility 
(Barter et al., 2003; Chapman, 2007; Pucher et al., 2007). 
Accordingly, motor vehicle ownership rates are skyrocketing across the developing world 
(Fajnzylber and Nash, 2009). Between 1990 and 2005, the number of registered vehicles in non-
OECD
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 countries more than doubled, from 100 million to 210 million (Dargay and Hanly, 2007). 
Some estimates have projected the total number of motor vehicles in the world will jump from 
800 million in 2002 to two billion in 2030, with eighty percent of that growth occurring in the 
developing world (Dargay and Hanly, 2007; Lescaroux, 2010). 
While motor vehicle ownership represents vast improvements in mobility and 
accessibility for households that can afford it, at the metropolitan level, vehicle ownership’s 
benefits give way to extraordinary social, environmental, and public health costs (Vasconcellos, 
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2001; Reddy, 2002; Chapman, 2007). Dozens of cities around the world are attempting to combat 
these consequences by overhauling their public transportation, most commonly in the form of Bus 
Rapid Transit (BRT) (Sam John, 2010). Whether BRT has the potential to temper the rise in 
vehicle ownership, however, is not yet understood.  
The motorization problem 
As vehicle ownership rates rise, vehicle use rises even more quickly, both in the number 
of motorized trips taken and the vehicle miles traveled by motorized households (Frank et al., 
2006). This is in large part because when households acquire vehicles, they tend to rely heavily 
on them, even for trips for which other modes might have been easier, cheaper, or faster (Gärling 
et al., 2001; Böhler et al., 2006). This over-reliance leads to habituation; once a household 
becomes habituated to driving, alternative modes rarely enter the household’s mode-choice 
decision framework (Zhang, 2006; Chen and Lai, 2011). Car-owning households gradually spend 
more and more time in the car, making more and longer trips.  
Developing cities are plagued with limited transportation infrastructure, and the increase 
in vehicle trips and vehicle miles traveled (VMT) quickly backfires, resulting in even more 
untenable congestion that lengthens commute times, marginalizes nonmotorized modes, and 
further undermines public transit. In short, while obtaining a motor vehicle can dramatically 
improve a household’s mobility, the rapid rise in vehicle ownership leads quite quickly to a rapid 
decline in mobility for the rest of the city (Ingram and Liu, 1999; Kitamura et al., 1999). The 
decline in mobility hits nonmotorized households hardest, and in many cities, those households 
must choose between diminished mobility (and access to jobs and opportunities) altogether or 
spending a growing percentage of their income to purchase and use a car or motorcycle 
themselves (Gwilliam, 2003; Creutzig and He, 2008). 
In addition to increasing congestion and decreasing mobility, the rise in vehicle 
ownership and use in developing cities has been blamed for dramatic increases in traffic-related 
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injuries and deaths. The World Health Organization estimates that ninety percent of the nearly 1.2 
million yearly deaths from traffic accidents occur in developing cities, and that the rate of traffic 
injuries and deaths in the developing world will rise disproportionately in the future. 
Nonmotorized road users from lower socioeconomic groups make up the vast majority of these 
injuries and deaths (Peden et al., 2004). 
Increased vehicle ownership has also been linked to a rapid increase in the prevalence of 
obesity and related diseases. Investigations on five continents – including in developing countries 
– have shown significant positive correlations between vehicle ownership and/or use and the 
likelihood of being obese (e.g., Frank et al., 2004; Bell et al., 2006; Lopez-Zetina et al., 2006; 
Bassett et al., 2008; Parra et al., 2009). Like the rise in motorization, the rise in obesity is more 
rapid in the developing world where the obesity rate tripled between 1980 and 2000 (Reddy, 
2002; Caballero, 2007). Obesity-related diseases are also projected to rise in developing 
countries. For example, while the rate of type II diabetes is expected to double globally from 
2000 to 2030, it will nearly triple in the developing world during the same period of time 
(Hossain et al., 2007).  
Finally, the rapid rise in vehicle ownership, coupled with low-quality fuels and poor 
vehicle maintenance, has helped make transportation the largest and fastest-growing source of 
carbon and particulate matter emissions in developing cities (Chapman, 2007; Fajnzylber and 
Nash, 2009). Transportation is responsible for at least a third of urban air pollution in the 
developing world, and its contribution to global greenhouse gas accumulation is increasing sixty-
six percent faster than in high-income countries (Wright and Fulton, 2005). The public health 
consequences of this increase are remarkable: an estimated half-million people die yearly in 
developing countries due to transport-related air pollution (The World Bank, 2002). 
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Challenges of slowing motorization without slowing mobility 
Slowing the pace of motorization and reducing reliance on private motor vehicles is 
critical for social, environmental, and public health reasons. However, doing so without further 
limiting mobility and accessibility is proving to be a very difficult task, given the potential 
individual benefits motor vehicle ownership offers. Incentive-based approaches, such as 
providing free bus passes to motorists, are costly and have seen only limited success (Thøgersen 
and Møller, 2008). Economic measures, such as the auctioning off of license plates and vehicle 
permits in Singapore and Shanghai and congestion charging in London, have been effective, but 
are also contentious and can have unintended negative impacts on low-income households 
(Willoughby, 2001; Santos and Shaffer, 2004; Cao and Xu, 2010; Hamilton, 2010). Similarly, 
regulatory schemes such as day-of the-week-based driving restrictions have been seen as heavy-
handed and inequitable. In some cases, they have been found to induce households to purchase 
additional vehicles (Chapman, 2007; Davis, 2008), exacerbating congestion and air pollution. For 
example, license-plate-based driving restrictions in Mexico City were found to induce households 
to purchase additional vehicles and make more, rather than fewer, motorized trips (Eskeland and 
Feyzioglu, 1997; Davis, 2008). More recently, the expansion of peak-hour driving restrictions and 
incorporation of motorcycles in to the restriction scheme in Bogotá, Colombia appears to be 
generating a similar demand for additional vehicles there (El Tiempo, 2009). 
The difficulties of solving mobility and accessibility problems by reducing driving 
through incentive, economic, and restrictive means has led many experts to call for concerted 
investments in alternative transportation – particularly mass rapid transit systems – to directly 
improve mobility and alleviate motorization pressures among motorized and nonmotorized 
households alike (Cao and Xu, 2010; Sam John, 2010). Due to its relative affordability and ease 
of implementation, Bus Rapid Transit (BRT) is increasingly being heralded as the answer to these 
calls, and dozens of cities worldwide have invested or are planning to invest in BRT (Levinson et 
al., 2003; Hensher and Golob, 2008; Fajnzylber and Nash, 2009). 
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By decreasing travel and wait times and improving safety and reliability over traditional 
bus transit systems, many cities around the world have witnessed dramatic increases in transit 
ridership upon implementing BRT (Darido and Cain, 2007). In a 2009 study of seventeen new 
BRT systems in North America, Europe, and Australia, the Federal Transit Administration 
reports that transit ridership increased in nearly all cases, and more than doubled in six cities after 
BRT implementation. Ridership gains may be even more impressive in some Asian and South 
American cities. For example, Beijing’s first BRT phase has 85,000 weekday boardings, and new 
systems in Guayaquil (Ecuador) and Pereira (Colombia) each boast 100,000 weekday boardings 
(FTA, 2009). Guangzhou’s (China) new BRT system reached 800,000 weekday boardings in its 
first month of service (Gunter, 2010), and Bogotá’s TransMilenio now has 1.5 million daily 
boardings (FTA, 2009).  
Despite the impressive gains in transit ridership, however, very little is known about the 
potential impacts of BRT investment on motor vehicle ownership or long-term vehicle use 
decisions at the household level. There have been no empirical investigations of the relationship 
between BRT and household vehicle ownership, and thus far, there is little evidence that BRT 
investment is itself capable of influencing vehicle ownership or long-term use decisions.  
BRT’s potential 
Over the past several decades, studies of transit ridership have converged on a general 
conclusion: the effectiveness of transit, including BRT, is greatest when the system is 
complemented by supportive – dense, vibrant, and walkable – urban form at the station area and 
regional levels. Supportive form increases transit ridership by shortening the distance to transit, 
increasing the number of people with access to transit and improving the quality of that access, 
and increasing the variety and number of destinations accessible by transit. In addition, and 
maybe more importantly, urban form has the potential to support transit by alleviating the need to 
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use a car for non-transit trips as well, reducing the likelihood that households become habituated 
to driving.  
Thus, a transit-supportive environment could enable nonmotorized, within-neighborhood 
trips by providing a mix of land uses and destinations and a safe, pleasant, and productive 
walking environment. It can also enable more transit travel by improving access to transit stops 
and, through increased densities, promoting better, more cost-effective transit service. This is the 
basis for transit-oriented development strategies worldwide, and is backed up by empirical 
research on transit ridership (Gilat and Sussman, 2003; Cervero, 2007). Rail transit stations in 
dense, walkable neighborhoods with heavy mixing of land uses have consistently supported 
greater transit ridership than stations in more automobile-oriented locales (Frank and Pivo, 1994; 
Cervero, 2007); more recent research finds a similar relationship between station-area urban form 
and BRT ridership (Estupiñán and Rodríguez, 2008). However, empirical research on whether 
coordination of land use and transit is not simply inducing transit ridership, but actually 
alleviating motorization pressure by improving mobility, is limited, and largely nonexistent in the 
developing world. 
Before spending scarce resources on elaborate new transit systems, it is critical to 
understand whether they can bring about desired changes in mobility and travel behavior, and 
under what conditions. The objectives of this study are to improve our understanding of (a) 
BRT’s potential to alleviate pressures on households to own motor vehicles by expanding non-car 
mobility options, and (b) the role urban form plays in supporting that potential.  
Research overview 
Research questions 
I focus on three research questions. The first two questions directly address the 
relationship between vehicle ownership and BRT:  
1. What is the relationship between BRT investment and household-level vehicle 
ownership? 
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2. Is the relationship between BRT and vehicle ownership influenced by or contingent upon 
the supportiveness of neighborhood-scale urban form? 
 
The third question takes a more nuanced approach to the potential impacts of BRT by 
examining the relationship between BRT access and a possible predictor of vehicle ownership: 
non-car mobility. 
3. How does BRT access influence non-car mobility patterns of transit-dependent 
households? 
 
Examining these research questions at the household level will help decision makers set 
realistic expectations for BRT investment and understand how to support that investment with 
appropriate land development policies. 
Conceptual approach 
The diagram in Figure 1 shows the overarching conceptual framework around which this 
research is structured. The arrows represent suspected causal relationships between household-, 
neighborhood-, and metropolitan-level factors and the outcomes of interest, vehicle ownership 
and travel patterns. The direction of the arrows indicates theoretical direction of causation. The 
solid black lines represent the primary relationships I will test as I address my three research 
questions. To the extent possible, I will control for the relationships shown in solid gray. Dashed 
gray lines represent other factors that are theorized to influence the outcomes, but will not be 
tested in this research. The theory and empirical evidence behind these relationships will be 
explained in the coming chapters. 
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Figure 1. Overarching conceptual framework 
 
Setting overview 
This research focuses on the TransMilenio BRT system, in Bogotá, Colombia. Bogotá is 
the capital and largest city in Colombia, with a population of nearly 7.5 million at the time of the 
2005 census (DANE, 2007). Bogotá’s BRT system, TransMilenio, is one of the earliest and most 
successful wide-scale BRT systems in the world, and has often been held up as the gold standard 
in low-cost, sustainable urban transport solutions. The time period for this study is 1995 to 2005, 
from five years before construction began on TransMilenio’s first implementation phase until just 
after completion of the second.  
Prior to TransMilenio’s opening, Bogotá’s transit riders were served by a complex, but 
loosely regulated system of private bus companies (route owners), bus owners, and bus drivers. 
By the early 1980s, hyper-competition in the transit market had led to dangerous, heavily 
congested streets, high fares, and long travel times for transit riders (Rodríguez and Ardila, 2002). 
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Simultaneously, the city was experiencing rapid private motorization: between 1991 and 1995, 
the number of cars registered in Bogotá increased by 75 percent (Echeverry et al., 2005). City 
officials had been working since the early 1980s to reform the transit network, but with limited 
success. The notion of a full-fledged bus rapid transit system was introduced in 1998 to combat 
the city’s sustained mobility crisis. Construction began within two years, with the first line 
opening in December 2001 (Ardila, 2004).  
TransMilenio functions much like a metro rail system, but uses buses operating on 
surface streets. As of the end of the second phase of implementation in 2005, the system consisted 
of 84 kilometers of dedicated, physically-segregated busways (trunk lines) traversing the city 
from north to south, and a large network of feeder buses that collect passengers from sprawling 
areas beyond the ends of the trunk lines. The trunk system at the end of Phase II included 841 
articulated buses (each with a capacity of 160 passengers) serving 104 covered, elevated boarding 
platforms at approximately 700-meter intervals. The boarding platforms are located in the middle 
of the road, accessed via pedestrian overpasses and protected street-level crossings. Fares are pre-
paid using smart-cards and passengers enter the vehicles at-grade, facilitating rapid boardings and 
alightings and short dwell times. The feeder system has 344 smaller, green buses (capacity 80) 
covering 541 kilometers of local streets, collecting passengers from seven peripheral zones and 
bringing them, fare-free, into the trunk system. Feeder buses stop at approximately 300-meter 
intervals and are coordinated via satellite to minimize transfer times. Service is provided eighteen 
hours a day, with peak-time minimum trunk headways of two minutes and feeder headways of 
three minutes (Hidalgo, 2003, 2004; Echeverry et al., 2005; Hidalgo and Graftieaux, 2008).  
In its first three years of operation, TransMilenio was credited with a 32 percent decrease 
in average commute times, a forty percent reduction in transport-related air pollution (Cervero, 
2005), and an 88 percent drop in traffic-related deaths along the BRT corridors (UNEP, 2010). By 
2009, TransMilenio had 1.5 million daily boardings, with an estimated nine percent of its 
ridership coming from previously motorized (private) modes (Muñoz-Raskin, 2010). 
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TransMilenio has been recognized worldwide in scholarly research and popular media as 
a low-cost, high-quality solution to rising levels of vehicle ownership and use worldwide 
(Estupiñán and Rodríguez, 2008). Given the paucity of evidence regarding BRT’s impacts on 
motorization, and knowing that more than one hundred cities around the globe planning or 
building BRT systems, many of them based on the TransMilenio model, there is an urgent need to 
quantify and understand BRT’s potential impacts.  
Study area  
 
Figure 2. Study area and region 
The study area covers 480.5 square kilometers and encompasses most of the formally 
developed areas within the city limits of Bogotá. The study area and BRT system (phases I [2000-
11 
2003] and II [2003-2005]) are shown in Figure 2. The dedicated busway lines (“trunk” routes) are 
shown as solid lines. Feeder service areas surround the endpoints of each trunk line. Areas 
without trunk or feeder service are served by the conventional bus network.  
History and accomplishments of TransMilenio 
The planning and operations of TransMilenio is overseen by a public agency, 
TransMilenio S.A. The agency is also responsible for construction and maintenance of the 
system’s infrastructure. Private concessionaires own and operate vehicles in the system, and are 
contractually obligated to meet vehicle maintenance and performance standards laid out by 
TransMilenio S.A. Concessionaires are paid by TransMilenio S.A. according to the kilometers 
logged by their vehicles and the quality of service provided (Hidalgo, 2004).  
Planning for Phase I began in 1998, with limited operations beginning in December 2000. 
Phase I was completed in early 2002, and consisted of 42 kilometers of trunk lines and feeder 
service covering 309 kilometers of peripheral surface streets (Hidalgo, 2004). Construction was 
overseen by the local Institute for Urban Development (IDU), and cost US $213 million (US $5.3 
million per kilometer). Forty-six percent of the funds for Phase I came from a local fuel 
surcharge, twenty-eight percent came from the partial privatization of the Bogotá Power 
Company, and twenty percent from the national government. The remaining six percent was 
financed through a loan from the World Bank (Hidalgo, 2004). 
Construction on Phase II began in late 2000, with operations beginning in 2004. Phase II 
added three more trunk lines and 232 kilometers of feeder routes at a cost of US $545 million 
($13.3 million per kilometer). The national government financed two-thirds of phase II, with the 
balance funded through local fuel taxes (Cain et al., 2006).  
In concert with the BRT investment, the city of Bogotá also installed 240 kilometers of 
dedicated bicycle paths (ciclorrutas), laid out in a grid fashion across the city (Pucher et al., 
2010). The city also expanded its ciclovía network (closure of arterial streets to motorized 
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vehicles on Sundays and holidays) from 24 kilometers (in 1994) to 121 kilometers and introduced 
an annual city wide car-free day (Cervero et al., 2009). In 1998, Mayor Enrique Peñalosa also 
instituted pico y placa, a license-plate-based driving restriction scheme that keeps forty percent of 
privately owned vehicles off city streets on any given weekday (Ardila and Menckhoff, 2002). 
The city also undertook a massive effort to reclaim and revitalize public space, including 
bulldozing and converting into a park a sixty-acre slum in the center of town and reclaimed for 
public use sidewalk space that had been used illegally for years throughout the city as car parks 
(Peñalosa, 2011). 
Ten months after TransMilenio’s initial opening in December 2001, the system was 
responsible for a 32 percent reduction in travel times for passengers. There were also substantial 
decreases in traffic accidents (from 26.5 per week in 2000 to 4.9 per week in 2001) and traffic-
related injuries (from 18 per week to 4.5 per week) along the trunk corridors (Ardila and 
Menckhoff, 2002). The replacement of older, conventional buses with new TransMilenio vehicles 
resulted in noticeable air quality improvements as well, with some neighborhoods seeing as much 
as a nine percent reduction in particulate matter pollution (Echeverry et al., 2005) within the first 
year of operations. At completion of phase I, the system carried 600,000 passengers per day 
(Ardila and Menckhoff, 2002), and in 2002, TransMilenio’s first full year of operations, the 
system carried 207 million passengers (Hidalgo, 2004). Eleven percent of Phase I passengers had 
come from previously private motorized modes, and the system had a 98 percent approval rating 
among users (Cervero, 2005). By the end of Phase II, the system was carrying nearly one quarter 
of the total travel demand in Bogotá, and had approximately 1.25 million boardings per day 
(Muñoz-Raskin, 2010). 
Since its bright beginnings, however, TransMilenio has experienced growing pains in the 
form of overcrowding, deterioration of infrastructure (due in large part to the rapid pace of 
deployment), and recently, protests and riots over poor service and rising fares. In March 2012, 
protestors destroyed vehicles and transit stations, causing more than US $500,000 in damage and 
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prompting Mayor Gustavo Petro to temporarily suspend pico y placa (Hall, 2012). The original 
plan for TransMilenio had called for the construction of an additional 306 kilometers of trunk 
lines spread over sixteen years (Cain et al., 2006), but further expansions beyond phase II have 
been delayed due to funding shortfalls, resistance from conventional transit providers, and 
political wrangling over whether the city should instead be investing in heavy rail (Hutchinson, 
2011). Nevertheless, TransMilenio’s ridership achievements are remarkable, and the system 
remains the gold standard for low-cost sustainable urban transport around the world. Whether 
TransMilenio’s successes translate to improved mobility and decreased dependence on private 
vehicles at household level, particularly for transit-dependent households, remains to be seen. 
 
The remainder of this dissertation is organized as follows. In the next chapter, I provide a 
brief overview of the history of transit reform in Bogotá leading up to TransMilenio. In Chapter 
3, I review the major themes from the environment-travel behavior literature, discuss some of the 
reasons for inconsistencies and disagreements in that literature, and outline the contributions the 
current research will make toward bridging gaps in our knowledge about the relationships among 
travel behavior, transit investment, and urban form. In Chapters 4 and 5, I present the analyses of 
vehicle ownership and non-car mobility, respectively. I conclude in Chapter 6 by discussing the 
implications of my findings for planning practice and scholarly research.
CHAPTER 2. HISTORY OF TRANSIT REFORM IN BOGOTÁ 
TransMilenio was introduced in 1998 to combat a long-term, growing mobility crisis in 
Bogotá. As discussed in Chapter 1, the system was met with enormous initial success, and was 
popular and well-regarded at its outset. Since services began, ridership has continued to increase; 
the system today carries nearly 200,000 passengers per hour during peak travel times and nearly 
1.7 million passengers per weekday (TransMilenio SA, 2012). Because of this success, 
TransMilenio is often held up as the gold standard in low-cost, sustainable urban transport 
solutions for developing and developed cities around the world. However, since its early days, 
TransMilenio has also experienced protests over sub-par service levels and extreme 
overcrowding. Funding shortfalls and political wrangling have delayed expansions repeatedly 
since the conclusion of Phase II, casting doubt on the system’s long-term viability in spite of the 
record-high ridership. 
In this chapter, I step back and take a look at Bogotá’s recent history of mobility 
problems and attempted solutions leading up to TransMilenio. By broadening our lens, we can 
better understand why the system arose, and why it took its eventual form. For cities hoping to 
replicate Bogotá’s success, it is essential to understand the very unique political and institutional 
circumstances that motivated and shaped TransMilenio, as well as the nature and history of the 
mobility crisis TransMilenio was intended to address. Furthermore, we can start to understand 
why, despite skyrocketing ridership levels, TransMilenio has been so plagued since its early years 
by protests and delays. 
I begin by describing the mobility situation in Bogotá immediately before TransMilenio 
and the events that led to the city’s mobility crisis. I then briefly review a series of unsuccessful 
and marginally successful attempts to address the mobility crisis, beginning in 1980 and leading 
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up to the introduction of TransMilenio in 1998. Finally, I discuss the process through which 
TransMilenio arose and why TransMilenio succeeded when the efforts before it did not.  
Transit situation in Bogotá before TransMilenio 
Bogotá’s first organized public transit system was a mule-drawn streetcar service that 
began in 1884. The system was owned and operated by the U.S.-based Bogotá City Railway 
Company. Beginning in 1910, the system was gradually switched to electric vehicles. Following a 
boycott over service issues, the company transferred operations to the municipal government, 
which operated the system until 1951. In 1948, one quarter of the tram fleet was destroyed during 
riots; the system had already been losing steam and was being out competed by private bus 
service, which had begun in 1934. This bus service would eventually grow into Bogotá’s modern 
day conventional bus transit system (Sáenz, 2010).   
With the dissolution of the tram service, the bus system became the city’s primary form 
of public transit. Transit service evolved into a complex, loosely regulated private enterprise, still 
in place in some parts of Bogotá today, wherein buses and routes are privately owned. Ownership 
of routes is awarded to bus companies by the city government, based on requests by the public or 
proposals put forth by the bus companies themselves. A route, once awarded, is guaranteed for 
life and is protected by law. Route owners generate revenue by contracting with bus owners to 
operate on their routes in exchange for set fees. Bus owners, in turn, hire drivers to ply those 
routes. Bus owners collect all farebox revenues, and pay their drivers commission based on the 
number of passengers picked up (Ardila, 2004).  
The system functioned well initially. Fares, set by the government, were low and service 
levels, even in peripheral areas, were believed to be quite high (Mohan, 1994). However, as the 
city began to expand in the second half of the 20
th
 century, the government’s institutional capacity 
did not keep pace with population growth and development.  
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By law, bus companies were required to own at least ten percent of the buses on their 
routes; in practice, they usually owned much fewer. Because of the structure of the transit system, 
bus companies had financial incentive to recruit more and more bus owners to their routes. Bus 
companies would maximize their recruiting power by lobbying the government for ownership of 
routes along the most heavily traveled corridors, regardless of the levels of service already 
present on those corridors (Ardila and Menckhoff, 2002). Lax enforcement allowed the 
unregulated entry of more and more buses, particularly along those most profitable corridors. 
From 1972 to 1978, the number of vehicles operating within the private bus network more than 
doubled, from 1,600 to 3,541 (Mohan, 1994). The influx of new buses meant stiffer competition 
for passengers, forcing bus drivers to race each other to collect fares (Echeverry et al., 2005). The 
aggressive tactics drivers used to compete for passengers made for chaotic roadway conditions, 
with extreme congestion and traffic accidents commonplace. This race for the next fare came to 
be known as the guerra del centavo, or the “penny war.”  
In spite of the high levels of competition, subsidies and fare structures guaranteed bus 
owners a high rate of return on their bus investments, encouraging them to continue expanding 
their fleets. As the supply of buses rose, average occupancy plummeted. In order to maintain 
stable profits in the transit industry, the government was forced to allow increases in fares; from 
1975 to 2004, average inflation-adjusted transit fares increased 400 percent (Echeverry et al., 
2005). 
Meanwhile, private vehicle ownership began to grow rapidly. Car ownership grew 8.7 
percent per year in the late 1970s and early 1980s, almost two and a half times faster than 
population growth (Hataya, 1996; Villa and Rodríguez, 1996; Muñoz-Raskin, 2010). The rapid 
growth in car ownership exacerbated the congestion caused by the increase in bus fleets and 
aggressive driving by bus drivers. As congestion worsened, transit speeds plummeted: by 1995, 
average peak time speed for public transit vehicles was ten kilometers per hour, and was as low as 
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four kilometers per hour in the central business district. The average one-way, ten-kilometer 
commute trip took seventy minutes (Echeverry et al., 2005).  
Though congestion affects all road users, the flexibility of private cars enables them to 
navigate around and through traffic, giving private vehicle owners a decided travel time 
advantage over conventional transit users under conditions of extreme congestion. As a result of 
increasingly poor and increasingly expensive transit service, vehicle ownership skyrocketed in 
Bogotá. From 1991 to 1995, the number of cars registered in the city jumped 75 percent 
(Echeverry et al., 2005), worsening congestion and intensifying the competition for transit 
passengers.  
Nevertheless, by 1998 over 80 percent of the city’s population was still transit-dependent, 
and average travel time to work for transit users was nearing two hours (Ferro, 2011). The 
growing gap in mobility between motorized and nonmotorized households (the average transit 
trip took 66.8 minutes, compared to 42.6 minutes for car trips) signaled that the problem was 
likely to worsen. In an effort to reverse the mobility crisis in Bogotá, Mayor Enrique Peñalosa 
introduced his plan to completely overhaul the public transit industry, reorganizing the chaos into 
a reliable, affordable, state-of-the-art bus rapid transit system, TransMilenio (Echeverry et al., 
2005). 
Reform attempts beginning in 1980 
While TransMilenio was the first successful, wide-scale effort to reform transit provision 
in Bogotá, attempts to reform the system had been made throughout the past century. A series of 
attempted reforms began in earnest in 1980, driven by varied and often competing objectives at 
the national and local levels of government. Until TransMilenio, however, reform efforts only 
produced incremental improvements. In the remainder of this chapter, I present the major recent 
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attempts at reform, discuss briefly why they failed (or did not stick) and why TransMilenio 
succeeded.
2
  
 
Figure 3. Timeline of transit reform initiatives 
                                                     
2
 For more detail on Bogotá’s transit reform history, see Ardila 2004. Much of the information I 
present on transit reform in Bogotá is summarized from this work. 
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Turbay’s Metro 
In 1980, amid deteriorating mobility conditions, President Julio Turbay and his 
appointee, Bogotá mayor Hernando Durán Dussán,
3
 commissioned a study to determine the best 
way to meet Bogotá’s projected travel demand over the next twenty years. The conclusion of that 
study was to invest in a mass heavy metro rail system. But before they could act on the results of 
the study, Turbay’s and Durán Dussán’s terms expired, leaving the task of implementing the plan 
for the metro to the next administration. However, the next administration was led by President 
Belisario Betancur, who wished to elevate the status of Colombia’s second-largest city, Medellín, 
relative to Bogotá. Betancur dropped the metro plan for Bogotá and instead focused the nation’s 
financial efforts on building a metro system for Medellín. This project would eventually be 
finished more than a decade later, with enormous cost overruns and amidst a controversy; the 
trouble in Medellín would also ultimately influence transit reform debates in Bogotá (Ardila, 
2004). 
Intermetro 
President Virgilio Barco took office in 1986, and was determined to resurrect plans for a 
metro in Bogotá. Money was tight at the Federal level, however, so Barco and his appointed 
mayor, Julio Sánchez, proposed to cut costs by aligning the metro along existing freight rail 
corridors, even though those corridors aligned poorly with existing travel patterns. Barco and 
César issued an international request for proposals to build the system. Bids were received in 
1998, by which time Barco and César had left office. The selection criteria favored low-cost 
plans, and resulted in the Italian firm Intermetro winning the contract, despite scoring poorly on 
technical quality, experience, and managerial capacity (Ardila, 2004). 
Meanwhile, Medellín’s metro project was nearly out of funds, though nowhere near 
complete, and the idea of investing in another metro in Bogotá was beginning to lose favor at the 
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 Until 1998, Bogotá’s mayor was a presidential appointee. 
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national level. Though the national government had already signed a contract with Intermetro to 
build Bogotá’s metro, Congress passed a law that shifted the burden of paying for construction of 
metro systems largely to local governments. This law limited the Federal government’s 
contribution to construction of metro systems to twenty percent of the construction costs, and 
became known as the twenty percent law. The municipal government did not have the required 
eighty percent of the necessary to funds, so then-Mayor Andrés Pastrana (the first elected mayor 
in the history of Bogotá) backed the city out of the contract (Ardila, 2004). 
Juan Martín Caicedo won a two year mayoral term in 1990 and immediately reversed 
course, declaring that Bogotá would indeed pursue Intermetro’s project.  However, then-President 
César Gaviria was committed to the completion of Medellín’s metro, despite skyrocketing costs. 
The Gaviria administration sought help from experts about how to handle the metro project in 
Bogotá. The consensus was that Intermetro’s plan was too vague, severely underestimated costs 
and overestimated demand, was based on untested alignments that lacked the density to support 
heavy rail, would be unable to cover its operating costs, and pulled too many financial resources 
away from potentially more efficacious social projects. As one expert noted, the “planning 
process started with a preconceived solution and not with the definition of the problem. As a 
result, it quickly turned into an effort to justify a predetermined solution” (Ardila, 2004, p. 233). 
Given these strong objections, the national government decided against supporting Caicedo’s 
metro plans; without the financial support – even at the twenty percent level – Caicedo was 
forced to abandon the Intermetro plan once again. 
Avenida Caracas Busway 
The metro idea still had inertia among Bogotá’s leaders, however. The city’s mobility 
crisis was deepening, and the only effective solution on the radar up until this point was rail. In 
spite of difficulties faced by Medellín’s metro project (severe cost overruns and projected service 
inadequacies), Mayor Pastrana was reluctant to scrap the Intermetro plan. In 1988, Pastrana 
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sought the advice of transportation policy expert Jorge Acevedo, who had since 1986 been 
working on a plan to implement a busway corridor, to be serviced by public and private buses, 
along one of Bogotá’s main corridors, Avenida Caracas. Acevedo’s plan was based on successful 
busways in Brazil and had the added bonus that it could be completed within Pastrana’s mayoral 
term. On Acevedo’s advice, Pastrana punted on the metro plan and went forward with the 
Avenida Caracas busway (Ardila, 2004).  
Acevedo had also identified a lack of institutional capacity as a primary obstacle to 
Bogotá having a successful transit system. In addition to the physical (roadway) changes needed 
to implement the busway, Acevedo recommended changes to the organizational structure of 
transit provision along the corridor, replacing the penny war system with a more rationalized 
system. He also proposed requirements that the buses operating in the new busway be equipped 
with doors on the left, so that passengers boarded and alighted in the median, rather than the side 
of the road. This second component meant existing bus owners would have to scrap and replace 
their vehicle fleets in order to participate in the new busway, which, without guaranteed 
protection from competition (something the city was unable to provide given the legal rights to 
route ownership granted by the national government), they were reluctant to do. Given the short 
timeframe (the goal was to complete the busway within Pastrana’s two-year mayoral term), 
expedience was more important than reform, and the city moved forward with a simplified 
version of Acevedo’s original plan, limited to the southern portion of Avenida Caracas. The result 
involved widening the roadway and installing eight kilometers of dedicated bus lanes, to be 
served by existing large-capacity buses. Smaller buses were relocated onto parallel routes (Ardila, 
2004).  
Operations began on the Avenida Caracas busway in 1989. Though the institutional 
changes called for in the busway plan were nominal at best, the system was considered a success 
due to ridership levels in excess of 35,000 passengers per direction per hour – numbers  
previously considered possible only via rail. Busway proponents continued working on plans to 
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finish the northern half of the Avenida Caracas busway after Mayor Pastrana left office. Though 
this half would prove more complicated than the southern half – the northern half of the corridor 
went through the downtown and through wealthier (middle-class) neighborhoods than the 
southern half – it was eventually completed in 1992 under then-Mayor Jaime Castro (Ardila, 
2004). 
Significance of the Avenida Caracas busway 
The Avenida Caracas busway was both a learning experience and a test case. It had 
definite drawbacks: the system relied on old, dirty buses with on-board fare payments and above-
grade boardings. The penny war was still in effect, and initial improvements in speed and service 
eroded as drivers continued to compete for passengers. Despite its inadequacies and 
shortcomings, the Av. Caracas busway demonstrated that, by segregating buses from regular 
traffic, transit volumes could be increased in a way that it was previously thought only rail could 
achieve. Thus, what the Av. Caracas busway lacked in service, it made up for in volume (Ardila 
and Rodríguez, 2000). 
Metrobus 
Mayor Jaime Castro took office in 1992 and right away felt pressure from industry 
representatives to try again for a metro in Bogotá. However, Castro’s planning team was wary of 
the expense, especially in light of Medellín’s ongoing plight with metro, and suggested a bus-
based system would be more cost-effective. Rather than choosing one way or another, Castro and 
his team decided to put the issue up for concession, with the bidders to determine the technology 
(bus, metro, or a combination) that would best meet Bogotá’s mobility demand with the least 
amount of government subsidy. The winner would be responsible for designing, building, and 
operating the system (Ardila and Menckhoff, 2002; Ardila, 2004). With no stipulations regarding 
technology, would-be concessionaires gravitated away from metros and toward less risky and 
capital-intensive bus systems. Thus, the Castro administration’s decision to leave the bus vs. rail 
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choice up to the bidders elevated awareness of the potential of bus-based solutions, shifting, at 
least temporarily, the bus vs. metro debate firmly in favor of buses. 
In 1994, the concession was awarded to Metrobus, an international consortium that 
included trade associations representing some of the bus companies and bus owners in Bogotá. 
The Metrobus proposal included a two-phase busway system, and was chosen in large part 
because it would not require subsidies. Metrobus was set to begin work on its first corridor in 
1996, but because of disagreements with the government over fare structures, the consortium was 
unable to secure financial backing for the project (Ardila, 2004; Montezuma, 2005). Furthermore, 
the bus companies and owners began to oppose the project, despite their representation in the 
consortium via trade associations, over concerns about loss of routes and having to replace their 
buses. Because of the institutional organization of the existing transit system, without buy-in of 
bus companies and owners, the venture was deemed too risky an investment. Ultimately, the 
consortium collapsed and the city cancelled the contract (Ardila, 2004). 
IBS and the Transportation Master Plan 
Though the Metrobus contract fell through, the idea of a metro for Bogotá was still strong 
at the national level. Locally, however, the metro had few supporters.
4
 Ernesto Samper had 
campaigned for the presidency on a platform that included finally making good on Bogotá’s 
metro, and when he came into office in 1994 he was a strong supporter of the metro project. In 
contrast, Mayor Antanas Mockus, who entered office shortly after Samper, was unconvinced of 
the project’s merits, and wanted evidence that the metro was the best possible solution to 
Bogotá’s mobility crisis, and not just a political tool. Because of the twenty percent law, Samper 
was unable to move forward on a metro without the city’s help, so he agreed to work with 
Mockus. In 1996, the two leaders hired IBS, a multi-firm international consortium, to conduct a 
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 The first line of the metro project in Medellín had opened in 1995, over-budget by a factor of 
three and carrying one third less demand than had been projected. Bogotá’s planners, aware of the 
situation in Medellín, had thus grown to doubt the suitability of a metro for Bogotá. 
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study of the feasibility of a metro system and to plan, estimate costs, and predict impacts of the 
city’s first metro line. IBS completed their investigation in 1997. The metro plan they presented, 
however, was based on outdated development projections and fit poorly into Bogotá’s current 
spatial structure. Mockus, now fully convinced that the solution to Bogotá’s mobility problems 
lay in busways, rejected IBS’s plan (Ardila, 2004).  
Meanwhile, President Samper had directed staff at the National Planning Department 
(DNP) to begin work on a Transportation Master Plan for the city. The planning process took a 
year and a half, finishing in December 1996. The Master Plan, financed by the Japan International 
Cooperation Agency, proposed 67 elements spread over 24 years, with a total price tag of US $7 
billion. Notably, the plan called for roadway widening and decking of primary arterials. In the 
short term, it also called for reorganizing the city’s bus routes into a trunk and feeder system, 
changing the fare structure so that fares increased with distance, building busways along the 
city’s main transportation corridors, and restructuring the management of the bus companies. The 
busways would be converted to rail over time as demand increased. Mayor Mockus was 
dissatisfied with the plan – particularly the decked arterials elements – and decided against 
codifying the Master Plan into law. The busways element, however, he kept, though in effect it 
would be little more than an expansion of the Avenida Caracas busway, without organizational or 
structural changes (Ardila, 2004). 
Mockus resigned as mayor eight months before the end of his term to run for president, 
leaving implementation of his busways plan to his appointed successor, Paul Bromberg. 
Bromberg came up short, however. His efforts to get the busway plan codified into law were 
blocked by the Chamber of Commerce, which still wanted a metro. Furthermore, Bogotá lacked 
the funds needed to begin the busway project. By law the federal government could not contribute 
funds for roadway construction and expansion, which the busway plan required. Bromberg was 
unable to negotiate a cost-share with the central government by the time he left office (Ardila, 
2004). 
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Peñalosa’s vision: TransMilenio  
Enrique Peñalosa entered the mayor’s office in August 1997, having campaigned on a 
platform that included getting Bogotá a fair shake from the national government with respect to 
funding for a metro system. In his eyes though, the metro was not a solution to Bogotá’s mobility 
crisis; rather, it was an economic development tool. He would address the  mobility crisis through 
a massive urban planning effort that included reclaiming public space, building a world-class 
network of bicycle and pedestrian paths, restricting the use of private vehicles, and overhauling 
the transit industry into a state-of-the-art bus rapid transit system. He envisioned not just an 
expansion of the Avenida Caracas busway (as Mockus had proposed), but rather a transformed 
BRT system that functioned much like a metro rail, with specialized large-capacity buses 
operating on dedicated, restricted-access busways covering all the city’s main arterials and the 
feeder network at the fringe.  
The metro plan would eventually be tabled again due to a lack of funding, and the local 
and national governments would throw their weight behind the BRT, which would become 
known as TransMilenio. In June 1998, the city council enacted the plan for TransMilenio into 
law. Construction for the first phase would cost US $240 million (in 2000 dollars), with funding 
from a twenty percent gas tax that Peñalosa pushed through, transfers from the national 
governments, and partial privatization of the city-owned power company. The system would 
begin limited operations on December 18, 2000 – twelve days before Peñalosa’s mayoral term 
ended (Ardila, 2004). 
The system’s impact was immediate. Transit vehicle speeds along the TransMilenio 
corridors increased from 12 to 26 kilometers per hours from before to after implementation. 
Ridership topped 600,000 passengers per day by early 2002, with 83 percent of users reporting 
time-savings as their primary reason for choosing TransMilenio. By the end of 2002, the system 
was serving over three quarters of a million riders per day – more than Washington D.C.’s Metro 
system, which had four times the network length of TransMilenio. TransMilenio’s hourly 
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ridership of 35,000 passengers per direction surpassed that of most of the world’s metro systems 
at the time, with a per-kilometer infrastructure cost of less than ten percent of the average metro. 
Further, farebox revenues covered operations and capital costs, a rarity among transit systems 
worldwide (Ardila, 2004). 
Changes needed to ensure TransMilenio’s success 
After having witnessed the failures of the previous twenty years of attempts to solve 
Bogotá’s mobility crisis, Peñalosa understood that several critical things needed to happen in 
order for TransMilenio to succeed. These included structural changes to the way transit was 
operated and regulated in Bogotá and getting the existing transit industry to buy in to the new 
system.  
Changing the operating structure and regulatory mechanisms governing public transit 
required the creation of a new public agency, TransMilenio S.A. This agency was charged with 
planning and implementing the BRT plan and regulating service delivery. After several months of 
debate, the city council passed a law creating TransMilenio S.A. in February, 1999 (Ardila, 
2004). Through TransMilenio SA, Peñalosa would also create a concession system, in which 
potential transit providers would bid for contracts to operate within the BRT system. 
Concessionaires would be required to purchase new, specialized buses and to meet strict service, 
performance, and maintenance standards (Hidalgo, 2004).  
Peñalosa also saw that the compensation structure of the conventional transit system had 
to be reformed. In the conventional transit system, bus owners and drivers made money according 
to the number of passengers carried, while bus companies made money based on the number of 
buses plying their routes. As previously discussed, this arrangement led to an oversupply of 
vehicles and chaotic traffic conditions as drivers competed amongst each other for passengers. In 
the TransMilenio system, vehicles would be owned by the concessionaires, who would be 
compensated by TransMilenio S.A. based on the distance traveled by their fleet. Drivers would be 
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employed by the concessionaires and paid a salary, rather than a commission, with their wages 
and working conditions regulated by TransMilenio S.A. (Ardila, 2004; Echeverry et al., 2005).  
Together, these structural changes were meant to end the “penny war” by rationalizing 
the supply of transit vehicles. Rather than competing for individual passengers (competing in the 
market), potential TransMilenio concessionaires would be competing for the ability to operate 
within the system (competing for the market) (Ardila, 2007). 
Mayor Peñalosa also understood that, without the support of the existing transit providers 
in Bogotá, TransMilenio would be politically infeasible. The transit industry was a major 
employer and had strong legal protections provided by the national government. Further, until 
TransMilenio was fully built-out, the conventional transit industry would still be the primary 
transit provider operating in many parts of the city. Without the industry’s support, neither the 
city nor the national governments was likely to support the project either. Peñalosa had also 
witnessed an example of a similarly sweeping transit overhaul in Quito, Ecuador, several years 
earlier, in which military tanks had to be deployed to fend off a blockade of that city’s new 
electric bus system by existing transit operators, who had been excluded from participation in the 
new system (Ardila, 2004). 
Making these changes happen simultaneously, and in a short window of time, was no 
small feat. It likely would not have been possible without strong planning, political power, and (to 
a fairly great extent) fortuitous timing.
5
 To begin with, Mayor Peñalosa assembled a strong 
planning team in TransMilenio S.A.. With the assistance of experienced consulting firms, the 
planning team made significant strides toward incorporating the key players in the transit industry 
as stakeholders in TransMilenio. Initially, the conventional transit industry was opposed to the 
TransMilenio project. Participation in TransMilenio meant transit companies would have to 
shoulder substantial financial risk: rather than affiliating buses with their routes like in the 
                                                     
5
 For more detailed analysis on the role of planning and political power on TransMilenio’s 
implementation, the reader should consult Ardila 2004, particularly pages 355-366. 
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conventional system, transit companies would have to purchase their own buses, brand new and 
custom-made for the TransMilenio system, and they would have to make this investment in a 
very short time frame. They feared a loss of stake in the new system, as they would be out-
competed by international firms that could better afford the up-front costs of participation. 
Because the plans called for the TransMilenio network to eventually cover the entire city, the 
conventional transit companies saw it as a move to push them out of the transit market altogether 
(Ardila, 2004). 
The planning team Peñalosa assembled took a multi-pronged approach, employing a 
range of planning theories and techniques to bring the members of the conventional transit 
industry in as stakeholders in the TransMilenio planning process. In so doing, the planning team 
was not only able to better understand and address the transit industry’s fears, but also to reduce 
the power they wielded over political and planning processes in the city. Further, the city council 
(which had long been thought to be in the transit industry’s pocket), introduced important 
stipulations in the law that created TransMilenio, S.A.. The first stipulation eliminated the 
possibility that the agency could participate as an operator in the TransMilenio system. The 
second stated that prior experience as a transit operator in Bogotá must be taken into account in 
the process of evaluating bids. This stipulation effectively guaranteed that international investors 
could not participate in the TransMilenio system unless they partnered with existing transit 
companies. Four groups submitted bids; 58 of the original 63 transit companies were included as 
shareholders in those four groups. All four won contracts, signed in spring 2000, to operate in 
TransMilenio’s first phase (Ardila, 2004).  
Another critical factor was Peñalosa’s ability and willingness to use political power to 
enact his plan, in spite of his egalitarian motivations for pursuing TransMilenio. Although 
Peñalosa believed strongly in the virtues of participatory planning, he knew that the structure of 
municipal government in Bogotá (with three-year, non-consecutive terms and an independent 
City Council) meant that he needed to push his plan through swiftly and with a heavy hand. 
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Through interviews with members of Peñalosa’s planning team and other advisers, Ardila writes 
that the general impression was that Peñalosa had a very inflexible notion of what needed to be 
done, and contrary opinions were considered a waste of precious time and were rarely tolerated 
(Ardila, 2004, pp 331, 357). Ironically, Peñalosa’s goal for TransMilenio – and indeed, the bulk 
of his political agenda – was to improve the quality of life and sense of belonging for all 
Bogotanos, but he believed that in order to accomplish his goals, they needed to be pushed 
through with a powerful, authoritarian hand.
6
  
TransMilenio also benefitted from good timing: the beginning of the planning process 
coincided with one of the worst economic periods in Colombia’s history. Fuel prices rose 
substantially (through deregulation and an increase in local fuel taxes), and new car sales dropped 
sixty percent from 1998 to 1999 (Ardila and Menckhoff, 2002). Concurrently, the introduction of 
pico y placa (the driving restriction scheme that kept forty percent of the city’s cars off the street 
during peak travel hours) and the Peñalosa administration’s massive effort to reclaim sidewalk 
space from parked cars forced a decline in the utility of car ownership (Ardila and Menckhoff, 
2002; Peñalosa, 2011). At the same time, the city introduced an annual car-free day, expanded the 
weekly ciclovía program, and invested in a 350-kilometer bikeway network. The combined 
pressures on vehicle use and expansion of alternative travel modes resulted in heavy patronage of 
the new BRT system. Eleven percent of TransMilenio’s passengers had switched from private 
motorized modes, and the system boasted a 98 percent approval rating among users (Cervero, 
2005). The system’s popularity and high ridership levels ensured continued political and financial 
support for the project, even after the end of Peñalosa’s mayoral term (Turner et al., 2012). 
                                                     
6
 From a planning perspective, while Peñalosa and his predecessor & successor Antanas Mockus 
had very similar goals for the city, they had completely different approaches to achieving those 
goals. Mockus took the approach of communicative rationality, while Peñalosa followed more in 
the power-broker style of Robert Moses (Ardila, 2004). Interestingly, the citizens of Bogotá re-
elected Mockus to succeed Peñalosa as mayor. 
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Finally, Peñalosa had to secure financial support from both the national and municipal 
governments. TransMilenio was the first proposal over the previous two decades that was 
supported by both the national and municipal governments. It was also the first busways proposal 
not overshadowed by efforts to get a metro. However, at the beginning of Peñalosa’s term, this 
was not the case. When Peñalosa entered office, the national government (of President Samper) 
and, to a lesser extent, Peñalosa himself, were still pushing for a metro, even while planning 
efforts for TransMilenio were underway. However, cost projections for the metro kept rising, and 
the national government was becoming increasingly constrained fiscally. By the time Samper’s 
term expired in 1998, the national government was on the edge of fiscal crisis. Andrés Pastrana 
succeeded Samper as president, and his advisers began recommending the national government 
withdraw support for the metro and shift their available funding to the BRT, already underway. 
Ultimately, the projected cost of the metro resulted in its downfall, and in TransMilenio’s rise. 
The estimated cost for the first metro line (infrastructure, capital costs, and financing) was 
estimated at US $6.5 billion (1999 dollars) – roughly twenty times more per kilometer than the 
first phase of the BRT (Ardila, 2004). 
Importance of route placement 
TransMilenio’s initial success was also due in part to location. As shown in Figure 4, the 
main trunk line of Phase I was aligned along the Avenida Caracas, linking the high density, 
lower-wealth neighborhoods in the city’s south and the more affluent neighborhoods to the north 
with destinations located in the heart of the city’s primary commercial corridor. Origin-
destination studies showed that this corridor held the greatest demand for transit, thus providing 
the greatest potential ridership of anywhere in the city. Some planners were hesitant to start off 
the system along the most heavily traveled and heavily developed corridor in the city, as they 
were essentially implementing a new, untested technology in a high stakes market with immense 
physical constraints. However, there were several strong reasons for this particular alignment. 
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First, maximizing potential ridership was critical to gaining the support of transit operators, who 
would be making significant capital investments in the system, and were therefore invested in the 
system’s overall success.  
 
Figure 4. Net residential density & commercial activity, 2000 
A second reason is that the southern half of Avenida Caracas was already home to the 
Troncal Busway (see pp. 21-23). Despite its tremendous ridership numbers, the Troncal  was 
notorious for its lack of oversight and maintenance, poor levels of service, and dangerous 
conditions for pedestrians and passengers (Ardila and Rodríguez, 2000; Chaparro, 2002). 
Aligning the new system along Avenida Caracas would not only represent completion of the 
original busway plan, but would eliminate the negative consequences of the Troncal. 
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Finally, Peñalosa recognized the difficulty of placing the busway along such a heavily 
traveled – and heavily built-up – corridor, and believed that if he did not tackle Avenida Caracas, 
neither would his predecessors. Indeed, he felt that the only way to ensure the plan would get off 
the ground at all was to start with the most logistically challenging one (Ardila, 2004).   
TransMilenio today 
In sum, the system got off the ground in large part because it had strong champions that 
were able to convince a wide range of stakeholders of the project’s merit and urgency. Since its 
bright beginnings, however, the system has experienced growing pains, and has seen some of its 
former champions begin to lose faith. In the years since the grand opening of Phase I, 
TransMilenio has faced massive overcrowding and deteriorating infrastructure, leading to delays 
and declining service levels. Walkouts and boycotts over poor service and rising fares have been 
fairly routine since 2004.  
TransMilenio’s original plan called for an additional 306 kilometers of trunk lines (Cain 
et al., 2006), but further expansions beyond phase II were delayed repeatedly due to funding 
shortfalls, resistance from conventional operators (still serving the majority of Bogotá’s transit 
demand), and political wrangling over whether the city should instead be investing in heavy rail 
(Ardila, 2007; Hutchinson, 2011). June 30
th
, 2012, marked the opening of the first new BRT line 
since the completion of Phase II (in 2005), with limited service linking Bogotá’s international 
airport to the city center. Future expansion plans beyond Phase III (currently underway) remain 
uncertain.  
Despite TransMilenio’s recent setbacks, cities around the world continue to invest in 
BRT (over ninety new systems have begun operations since TransMilenio began in December 
2001 (brtdata.org, 2012). Many of these systems have been styled in part after TransMilenio, with 
varying degrees of success. But as I have shown in this chapter, TransMilenio is not just a BRT: it 
also represents powerful political and planning processes, unique in many aspects to the context 
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of Bogotá. While the technology underlying BRT may be viable solution or partial solution to a 
broad range of mobility challenges, BRT’s success probably depends as much on the 
appropriateness of the process as on the technology itself.   
Integral to the process of TransMilenio was the identification and participation of 
stakeholders – in particular, the key players in the existing conventional transit industry. The 
previous twenty years of transport reform attempts showed how, without the vital participation of 
these stakeholders from the beginning of the planning process, reform efforts would ultimately 
crumble. By studying the failed efforts of his predecessors, Peñalosa and his planning team 
understood not only the importance of including the existing transit operators, but also how to get 
them to buy in to TransMilenio.  
Peñalosa’s planning team also realized the necessity of getting the support of 
neighborhood and community groups. Compared to the transit industry, which was brought into 
the planning process at ground level, the public’s participation in the planning process came late, 
and was seemed designed more to garner political support than to seek meaningful input. 
Peñalosa would have preferred a more egalitarian planning process, but argued that the narrow 
window of opportunity necessitated a heavy-handed approach. He also doubted that, if he did not 
get TransMilenio running before the end of his term in office, his successors would be able to 
finish the task (Ardila, 2004, pp. 287-290). 
While Peñalosa did succeed in getting TransMilenio running, are there longer-term 
consequences to the rapid, heavy-handed approach? Today, TransMilenio’s record ridership 
figures are overshadowed by abysmal approval ratings and violent and costly protests over 
service inadequacies. This paradox underlies one of the central questions driving this research: 
What is the difference between the success of a transport system, measured in terms of its 
ridership, and its ability to meet the mobility needs of the population it is intended to serve? In the 
case of TransMilenio, this gap may be greater than it initially seemed. 
CHAPTER 3. ISSUES IN MEASURING THE BUILT ENVIRONMENT FOR 
TRAVEL BEHAVIOR RESEARCH  
The built environment – or more broadly, urban spatial structure – and travel behavior are 
tightly interwoven. In the traditional mono centric city, households choose a residential location 
that maximizes utility by trading off costs of travel to employment opportunities with the amount 
of housing they can afford. Thus, the city is shaped by individual trade-offs between low 
transportation costs and high housing costs close to the center, and the low housing costs and high 
transportation costs at the urban fringe (Alonso, 1964). As transportation infrastructure 
investments, such as highways or transit systems, improve access to peripheral areas, more 
households are expected to settle farther from the center (Mohring, 1961).  
However, as urban growth patterns become increasingly decentralized, the usefulness of 
the monocentric model for understanding the land-use and transportation interactions has 
diminished, leading to a long and sometimes heated academic and political debate over the 
nature, strength, and even the existence of the connection between billed form and travel 
behavior. Numerous lengthy reviews of this debate present a mixed picture of several decades of 
empirical research. Representative works include those by Badoe and Miller (2000), Crane 
(2000), Frank (2000), Handy (2005), and Ewing & Cervero (2010). The general conclusion is that 
while the existence of a relationship between travel behavior and the built environment is still 
intact, issues of the nature and strength of that relationship are far from resolved. 
The lack of agreement over the travel behavior/built environment relationship has been 
attributed in part to differences in research objectives, approaches to measuring the built 
environment, and context (Krizek, 2003a; Saelens et al., 2003; Bhat and Guo, 2007; Ewing and 
Cervero, 2010). In this chapter, I explain these differences and their implications for informing 
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the travel behavior/environment discussion. This chapter also provides background information to 
explain and support the variables and methodological approaches used in this dissertation. 
Research objectives  
As described by Krizek (2003a) and Clifton, et al (2008), investigations into the 
relationship between travel behavior and the built environment are conducted for a wide variety 
of reasons. Research objectives guide the selection of outcome and explanatory variables; they 
also influence the way the built environment is measured and operationalized (Frank and 
Engelke, 2005). Studies have aimed at informing policy focus on stemming congestion, 
informing air quality, and increasing opportunities for active transport, just to name a few. For 
each of these areas of interest, a variety of dimensions of travel is relevant. For example, in 
addressing congestion issues, one might focus on vehicle miles traveled or commute mode 
choice. For improving air quality, we might be interested in relationships between urban form and 
automobile trip generation and cold starts (Frank et al., 2006). If our interest is increasing 
physical activity, we may focus on factors that lead to increased odds of using nonmotorized 
modes for given types of trips. If our aim is to understand how to improve access to opportunities 
for nonmotorized households, we might focus on the relationship between nonmotorized trip 
frequency in the conditions of the walking and bicycling environments (Saelens et al., 2003).  
These different outcomes are not always generalizable across research objectives: the 
same outcome could take on different normative meanings when approached from different 
research and policy perspectives. For example, a researcher interested in physical activity and 
health may look for built environment attributes that are correlated with increased time spent 
walking, while someone examining the relationship between travel behavior and social exclusion 
may look for built environment patterns that minimize walking distances, particularly among 
low-income, car-less travelers. 
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In this study, I examine how characteristics of the built environment – including access to 
BRT – affect motorization pressures. In Chapter 4, the outcome of interest is vehicle ownership, a 
close, but not perfect, approximation of motorization pressures. Vehicle ownership is a simple, 
readily-available measure with relatively straightforward policy implications. However, it is not 
perfect in that vehicle ownership is expected to lag behind actual motorization pressures; the 
length of the lag is subject to the household’s financial resources and the psychosocial 
motorization pressures it experiences.  
In Chapter 5, I address the lag issue by examining mobility patterns of households 
without vehicles. Specifically, I assess the extent to which the built environment enables 
nonmotorized households to conduct their daily travel without using a car. This is a new approach 
to measuring travel behavior, and the literature offers little evidence to guide the selection of 
outcome variables. Thus, one of the challenges of this research is to develop readily available 
measures of travel that are clear and consistent indicators of mobility. Based on theoretical 
frameworks discussed in Chapter 5, I examine three potential indicators: the number of round 
trips – starting and ending in the same location – completed by household members on a given 
day (tour frequency), the diversity of travel purposes fulfilled without the use of private 
motorized modes (e.g., car, motorcycle, or taxi) by household members on a given day (travel 
purpose diversity), and whether or not household members are able to complete all their travel on 
a given day without having to resort to private motorized modes (vehicle independence).  
Unit of analysis 
The unit of analysis employed in travel behavior research has implications for the 
interpretations and causal inferences that can be drawn from the research, and is often determined 
according to research objectives. Units of analysis range widely, from the level of the individual 
traveler to city, region, or even nation.  
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At the regional level, a number of cross-sectional studies have found that the greater a 
city or region’s overall density, the higher the transit ridership and lower the automobile 
ownership, especially among developing country cities (e.g., Newman and Kenworthy, 1991, 
1996; Kenworthy and Laube, 1999; Cameron et al., 2003; Lyons et al., 2003; Sinha, 2003). 
Although such studies are useful for understanding and predicting global and regional trends, they 
often reflect historical development patterns rather than conscious policy decisions about how to 
grow and move around in cities. Furthermore, by relying on metropolitan-wide generalizations, 
regional studies mask neighborhood-level variation within cities, and unlike neighborhood- and 
household- or individual-scale studies, offer little insight into how urban policies that have 
localized, spatially dependent impacts (e.g., changes in transit service) might affect personal or 
household mobility and motorization patterns. 
Neighborhood-level studies allow for more nuanced examinations of smaller-scale 
environmental measures. Studies that use the transit station area as the unit of analysis are quite 
common, particularly in developing settings where household-level data are often difficult to 
obtain, and offer much greater policy relevance than city or regional scale analyses. For example, 
Estupiñán and Rodríguez (2008) found that BRT boardings in Bogotá were significantly higher in 
station areas with more support for walking, more barriers to car use, and greater supply of 
transit. Similarly, Ryan and Frank (2009) found a modest but significant positive relationship 
between walkability and light rail boardings in San Diego neighborhoods. 
Findings from neighborhood-level studies may provide sound arguments for increasing 
density or improving walkability in order to increase transit ridership. However, the inability to 
extrapolate neighborhood-level results to individuals or households limits our ability to make 
inferences about the factors and processes that drive travel and vehicle ownership decisions. 
These factors include not just the built environment, but (as discussed above) attitudes toward 
particular travel behaviors, preferences for residential locations (and financial ability to exercise 
those preferences), and household-specific mobility needs and desires. The overall objective of 
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the current research is to improve understanding of how policy interventions, such as BRT 
investment, influence travel and vehicle ownership decisions; thus, the unit of analysis must be 
the travel and vehicle ownership decision maker.  
That decision-maker is often assumed to be the individual traveler, particularly in studies 
focusing on mode choice for specific trip purposes and on frequency and duration of transport 
physical activity. For example, Winters, et al. (2010) studied the odds that individual travelers 
chose to cycle (rather than drive) for work trips in Montreal; in Boston, Zhang (2004) examined 
travelers’ odds of walking or using transit for specific work and non-work trips, and Rodríguez 
and Joo (2004) evaluated the likelihood commuters in North Carolina choose nonmotorized 
modes for the journey to work. A number of studies (e.g., Frank et al., 2007; Cervero et al., 2009) 
aimed at understanding how to increase physical activity have examined the relationships 
between the built environment and time spent engaged in nonmotorized travel by individuals as 
well. A common theme of these studies is that they examine characteristics – i.e., mode and 
duration – of a trip that was likely to have been made anyway. 
As explained above, the outcomes of interest in this research are vehicle ownership and 
non-car mobility – the degree to which households fulfill their daily travel needs without the use 
of a vehicle. Thus, I am interested not just in how a trip was made, but whether it was made at all. 
Implicit in these outcomes is that the household is the travel and vehicle ownership decision-
making unit. The rationale for this choice is well defended in the literature, and can be 
summarized as follows: the demand for travel is largely believed to be a derived demand, 
meaning that travel is a reflection of fulfillment of a traveler’s need to participate in out-of-home 
activities.
7
 While this activity participation can serve both individual and household needs, 
activities performed on behalf of the household (e.g., earning money, shopping for groceries) tend 
to take precedent over more individual-oriented activities (e.g., socializing or shopping for 
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 See discussion on travel as a derived demand in Chapter 5, p.103 
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discretionary purchases). Thus, when household members make decisions about travel, they are 
usually making those decisions on behalf of household travel needs (Adler and Ben-Akiva, 1979; 
Limanond et al., 2005; Buliung and Kanaroglou, 2007).  
Furthermore, individual travel decisions are subject to household-level constraints, 
especially in limited-mobility settings, such as the need to share limited travel resources 
(vehicles, transit fare, etc), to escort children, or to stay home and care for family members or 
household property (Dissanayake and Morikawa, 2002). The opportunity cost of one household 
member’s decision to travel may be the inability of another household member to make a trip 
(Yagi and Mohammadian, 2008). 
Finally, when households (or individual household members) make decisions about 
vehicle ownership, those decisions are based primarily on the household’s financial resources and 
travel needs (Cao et al., 2007a). Especially when the vehicle in question is the household’s first 
vehicle purchase, its primary (if not sole) purpose is the fulfillment of household travel needs 
(Dissanayake and Morikawa, 2002). 
Measurement of the built environment 
Like travel behavior, the built environment is multi-faceted, and researchers have taken a 
range of approaches to measuring it. There are three key components to quantifying the built 
environment: what dimensions to measure, how to measure them, and at what scale.  
What to measure 
There are virtually unlimited numbers of built environment attributes that may, in certain 
contexts, be relevant to different dimensions of travel behavior. In a meta-analysis of research on 
the travel behavior/built environment relationship from 1996 to 2009, Ewing & Cervero (2010) 
categorized the most commonly measured attributes along five (sometimes overlapping) 
dimensions: density, land use diversity, transportation network design, access to destination, and 
distance to transit. These categorizations are not hard and fast rules, but they are a useful way to 
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understand and discuss the literature. I explain each dimension and its most common 
operationalizations in the literature below. 
Density 
Density is usually measured as the number of residents, households, or employment 
opportunities per unit of land area or per unit of developable/developed land area (Krizek, 2003a). 
Density is the oldest and most commonly used built environment measure, and until Cervero & 
Kockelman’s (1997) landmark study, was the primary focus of research on the environmental 
correlates of travel, in part because of its ease of measurement and because data on other 
dimensions of the environment were not readily available (Badoe and Miller, 2000).  
Aggregate-scale (e.g., city or metropolitan region) studies have consistently found strong 
associations between density and travel outcomes, particularly with respect to vehicle miles 
traveled, mode shares, and transit ridership (e.g., Newman and Kenworthy, 1996; Kenworthy and 
Laube, 1999; Cameron et al., 2003). However, at the individual or household level, findings have 
been less concrete, particularly when density is the only environment measure employed (Badoe 
and Miller, 2000). Density is often assumed to be a proxy for other dimensions of the 
environment (e.g., Bhat and Guo, 2007), although the mixed results with respect to density 
suggest it may have an independent relationship with travel outcomes (Boarnet and Crane, 2001; 
Chen et al., 2008). 
Land use diversity 
Land use diversity refers to the degree to which land uses are mixed within an area. This 
is probably the most complex dimension, and attempts to capture and quantify diversity have led 
to the development of a number of intricate indices. The most common diversity indices are 
entropy and dissimilarity. Both measure how land uses in a particular area (for example, in a one-
hectare grid cell) are related to land uses in surrounding areas (Ewing and Cervero, 2010).  
41 
Entropy measures the evenness in the “presence or absence of land uses” within an areal 
unit of analysis (Krizek, 2003a). A value of zero represent perfect homogeneity (only one land 
use present in the unit of analysis) and a value of one indicates that all possible land uses are 
present within the unit of analysis) (Cervero and Kockelman, 1997; Krizek, 2003a; Potoglou, 
2008). 
Dissimilarity measures the proportion of land uses in an area (or cluster of grid cells) 
adjacent to a central area (or grid cell) that are different from the land use in the central area. 
Operationally, this usually means determining the primary land use in each grid cell, then 
determining the number of adjacent grid cells that have a different primary land use (Cervero and 
Kockelman, 1997; Krizek, 2003a). A value of zero indicates that the primary land uses in the 
surrounding cells are the same as the central cell; a value of one means the primary land uses in 
the surrounding cells are different from the central cell. 
Less common measures include intensities of land uses (e.g., area of a particular kind of 
land use per developed areal unit of land); proximity of residents to particular types of 
destinations (e.g., proportion of a residential land area within an areal unit of analysis that is 
within a specified distance of certain destinations); the number of particular kinds of destinations 
present with an areal unit of analysis; the ratio of jobs to households or jobs to residents; and the 
presence or absence of non-residential land uses in a residential neighborhood (e.g., Kitamura et 
al., 1997; Krizek, 2003; Ewing and Cervero, 2010).  
Transportation network design 
Transportation network design (or simply, design) refers to the layout and characteristics 
of the transportation network in an area. Street connectivity is the most prominent measure in the 
literature, likely because it is one of the easiest design measures to quantify. Examples of street 
connectivity include overall street pattern (typically measured as gridded versus curvilinear), 
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intersection density, proportion of intersections that are four-way, average block size, and street 
density (linear distance per unit of land area served).  
The presence and quality of pedestrian and bicycling infrastructure and/or amenities are 
often included under the design dimension as well. Examples in the literature include the ratio of 
sidewalk or bicycle lanes to street length (e.g., Cervero, 2002; McCormack et al., 2012), presence 
or continuity of bicycle lanes and sidewalks (e.g., Cervero and Kockelman, 1997), and the 
presence and/or prevalence of amenities such as crosswalks or benches (e.g., Estupiñán and 
Rodríguez, 2008). Other less-common measures include aesthetic features such as tree cover, 
building setbacks, or presence of legible pattern languages (Krizek, 2003a; Ewing and Cervero, 
2010).  
Access to destinations 
Access to destinations (or destination accessibility) measures how easily, quickly, or 
cheaply residents in an area can access certain destinations (e.g., shopping or employment 
centers) via the transportation network. The most common measure of destination accessibility is 
distance to the central business district. In many studies in developing contexts, distance to the 
central business district is the sole built environment measure examined (e.g., Srinivasan and 
Rogers, 2005). Other measures include the number of jobs or attractors located within a certain 
distance or travel time from a place of residence (e.g., Boarnet and Sarmiento, 1998; Handy et al., 
1998). 
Distance to transit 
Distance to transit is less common than the previous four dimensions in the travel 
behavior/built environment literature. It is usually measured as the distance from a residence or 
workplace to the nearest transit access point (e.g., Cervero et al., 2009; Crowley et al., 2009; 
Gutiérrez et al., 2011), or as the density of transit routes or stops within an area (e.g., Shay and 
Khattak, 2007). 
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Data constraints often limit analyses of travel behavior and the built environment to 
attributes falling into one or a few of these dimensions, particularly in developing settings. Where 
robust built environment data are available, collinearity among attributes (within and between 
dimensions) often restricts how the dimensions are modeled. Many researchers turn to factor 
analysis (e.g., Krizek, 2003a; Shay and Khattak, 2007; Estupiñán and Rodríguez, 2008) or 
manually constructed indices (e.g., Ryan and Frank, 2009; Frank et al., 2010) to combine 
correlated environment attributes across dimensions into one or a few measures. Such approaches 
often offer better model fit, but have been criticized for masking effects of unique and 
independent environment attributes, therefore reducing the ability of the research to inform policy 
(Frank et al., 2010). 
Even when each dimension is represented in an analysis, it does not mean necessarily that 
we have a complete, comprehensive model of the built environment, nor does it mean we have 
included the measures of the environment that are most relevant to the outcome of interest. There 
is no robust theory to guide selection of environment measures; many studies rely on ad hoc 
models, with attributes selected based on theoretical associations with the outcome of interest or 
simply on availability. Many scholars have argued for a more rigorous approach to modeling the 
built environment, calling for the use of robust modeling frameworks (for example, random 
utility or generalized cost models). However, given the wide range of potential outcomes and 
even wider range of contexts in which to evaluate those outcomes, it is not likely there is a one-
size-fits-all framework appropriate across all aspects of travel behavior/environment research.  
I have attempted to capture a wide range of environmental attributes, and have included 
at least one attribute representing each of the five aforementioned dimensions. My selections are 
based on theoretical associations, but also on data availability and quality. I discuss these 
attributes, rationale for their inclusion, and the methods used to measure and model them in 
Chapter 4. 
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Scale 
Many of the built environment measures described above refer to areal units of land. The 
scale at which these units are measured is variable, with potentially important implications for 
analysis. Critical components of scale include the size of the areal unit and the way the unit is 
delineated. When the focus of research is on travel decisions of individuals or households, the 
areal unit of analysis – the neighborhood – should correspond to the area around that individual or 
household the built environment of which is anticipated to exert an influence on travel behavior.  
Most researchers agree that getting the size of the neighborhood right is essential to 
accurately modeling the relationship between travel behavior and the built environment. The 
appropriate size of the neighborhood depends upon the outcome of interest, with slower travel 
modes generally thought to be sensitive to the built environment at smaller scales (and finer 
resolutions) than faster modes (Krizek, 2003a). The right size also varies according to context and 
to traveler characteristics. However, there is no robust theory to guide the determination of 
appropriate neighborhood size for any outcome, context, or population (Krizek, 2003a; Bhat and 
Guo, 2007). As a result, the size of the neighborhood is often determined not by theory, but by the 
method of delineation of the neighborhood’s boundaries.  
There are two primary methods of delineating neighborhoods: as a distance from a point 
of interest (typically a household or a trip origin or destination), or according to pre-existing 
geographies, such as census geographies or platted neighborhood boundaries. 
The latter method is simple, relies on data that is normally readily available, and does not 
require knowledge of exact locations of households or points of interest. Geography-based 
measures are common in the literature. For example, Cervero (2002) examined the relationship 
between the built environment of D.C.-area traffic analysis zones and the odds of using transit. 
Pinjari, et al. (2007) also used traffic analysis zones to study the built environment’s influence on 
commute mode choice in San Francisco. In Baltimore, Targa & Clifton (2005) studied the 
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relationship between census-block-level measures of the built environment and walking trip 
frequency. 
Despite its prevalence, however, reliance on pre-drawn geographies has two big 
drawbacks. The first is the imposition of arbitrary boundaries that potentially have little relevance 
to individuals’ or households’ travel behavior decisions and have poor alignment with what the 
traveler perceives as his or her neighborhood. Geography boundaries typically have little or no 
meaning to residents – a household at the edge of a residential neighborhood can easily cross 
boundary lines to access, for example, a convenience store in an adjacent neighborhood. In 
reality, that household has better access to the convenience store than a household located in the 
center of the residential neighborhood (Crane and Crepeau, 1998; Krizek, 2003a). The second 
drawback is pre-drawn geographies, particularly census geographies, tend to be inconsistent in 
size; thus, the spatial unit of analysis varies across households and across regions within the study 
area. The size of the neighborhood affects the relevance – as well as the significance and size of 
regression coefficients – of the measures based on that neighborhood for travel behavior 
decisions (Spielman and Yoo, 2009). Further, because geographies are often smaller in dense, 
center city areas than on the urban periphery, using geographies to delineate areas of influence 
introduces a scale effect that unnecessarily confounds measurement of the built environment 
(Krizek, 2003a; Mitra and Buliung, 2012). 
In the buffer method, a buffer of pre-determined size is drawn around the household or 
location of interest; the area within the buffer is considered to be the household’s or location’s 
neighborhood. Because each household (or location of interest) has its own unique neighborhood 
and because all neighborhoods are the same size, this method potentially provides more accuracy 
and relevance than the geographies method. Sizes of buffers in the travel behavior literature vary 
greatly: Greenwald (2006) used a buffer of 800m to measure the relationship between mode 
choice and the built environment in Portland; Frank, et al. (2008) studied the same relationship in 
the Seattle area with a slightly larger, 1,000-meter buffer. Estupiñan and Rodríguez (2008) and 
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Ryan and Frank (2009) relied on 250m and 800m buffers, respectively, to assess the impact of the 
built environment on transit ridership. 
In recent years, researchers working in developing contexts where data limitations and 
privacy concerns often preclude the use of exact household locations have turned to a hybrid 
approach, in which a buffer of the chosen size is drawn around the geographic centroid of each 
household’s neighborhood. For example, Zhao & Lu (2011) used this method to identify 
households with transit access in Beijing; Adhvaryu (2011) measured the distance from 
neighborhood centers to the central business district (CBD) in Ahmedabad, India. This approach 
takes advantage of the best available data (i.e., the smallest spatial unit in which households can 
be identified), but removes the variability in neighborhood size.  
The household survey data I rely on in this study includes spatial identifiers at the level of 
the census sector (geographies of approximately 0.6 square kilometers in area), so I have opted to 
follow this hybrid approach as well, drawing a buffer with a 400m radius (corresponding to a 
circle of approximately 0.5 square kilometers) around each sector centroid.
8
 
Context 
Differences in research context – the setting and characteristics of the population being 
examined – help explain some of the inconsistent findings in the travel behavior/built 
environment literature. Context influences which outcomes are analyzed, as well as the sensitivity 
of those outcomes to the built environment and to potential confounding factors such as 
individual preferences and attitudes.  
Most of the household-level research on the travel behavior/built environment connection 
has taken place in developed contexts, where vehicle ownership levels are high and research 
tends to focus on outcomes such as congestion and physical activity. Under such conditions, 
changes and variations in the built environment are expected to yield only marginal changes in 
                                                     
8
 In Chapter 4, I discuss the mechanics of this method in more detail. 
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travel behavior. Habituation explains part of the apparent insensitivity of motorized households to 
their surroundings: for a household that is accustomed to driving, alternative travel options such 
as walking or using transit rarely enter the household’s travel decision framework. Thus, built 
environment changes that improve accessibility or mobility by non-driving modes often go 
unnoticed by motorized households (Zhang, 2006; Chen and Lai, 2011). 
Personal preferences for travel behavior and residential location also affect sensitivity to 
the built environment. Where households’ financial resources permit them to choose residential 
locations that suit their travel and lifestyle preferences, the built environment is expected to 
influence travel behavior only to the extent that it enables travelers to exercise their intrinsic 
travel preferences (Frank et al., 2007). In developing contexts, where vehicle ownership rates are 
much lower and households are less able to exercise location preferences, travelers are expected 
to be much more sensitive to variations in the built environment (this has also been shown to be 
true among low-income households in developed, highly motorized settings; e.g., Deka, 2002; 
Cao et al., 2007). 
In addition to contextual variations in sensitivity to the built environment, the built 
environment itself varies according to context. In developed settings, particularly in North 
America and Australia, urban densities are lower, land uses more segregated, and development 
patterns overall are more auto-oriented than in cities in less developed places like Latin America 
and Asia. Change in environmental attributes from very highly auto-oriented to highly auto-
oriented may represent theoretical improvements in options for transit and nonmotorized travel, 
but in reality, development patterns may still be below a level at which they can influence 
meaningful or measureable change in travel behavior. Put differently, if the supportiveness of the 
built environment of transit and nonmotorized travel does not meet a minimum threshold, 
changes in the built environment will not lead to non-marginal changes in travel behavior.  
48 
Summary 
Studies into the relationship between travel behavior and the built environment have 
produced widely varying results. This inconsistency has led many researchers to concede that the 
travel behavior-built environment connection is simply an artifact of personal preferences. 
However, as I have demonstrated in this chapter, this inconsistency may also be due in large part 
to variations in research objectives, methodological approaches, and context. My goal in this 
chapter was to carefully describe my research objectives, explain how and why I chose the 
particular methodological approach I used, and discuss why the research objectives and methods 
are appropriate for the context of Bogotá, thus providing a very precise framework for which to 
discuss the analyses and results presented in the following chapters.
CHAPTER 4. VEHICLE OWNERSHIP 
Literature review and empirical precedents 
The relationship between urban form and travel behavior has been a topic of heated 
debate for several decades. However, few empirical studies have examined the environmental 
determinants of vehicle ownership, despite evidence that most travel behavior decisions are 
predicated on vehicle ownership (Cervero and Kockelman, 1997; Bhat and Guo, 2007; Shay and 
Khattak, 2007). The lack of emphasis on vehicle ownership may be due to assumptions, rooted in 
economic theory, that the growth in vehicle ownership is an inevitable result of increasing wealth 
and increasing psychosocial pressures to be motorized (Vasconcellos, 2001). While these 
pressures are indeed important factors in household vehicle ownership decisions, the bulk of 
evidence supporting this conclusion is based on aggregate-scale studies of motorization trends in 
highly industrialized settings (e.g., Button et al., 1992; Dargay and Gately, 1997; De Jong et al., 
2004). At the household level – where vehicle ownership decisions are made – findings from the 
travel behavior literature support a more nuanced view of motorization: the number of vehicles a 
household owns is a function of its mobility needs and its alternative (non-car) mobility options. 
Theoretically, BRT’s capacity to slow the rise in vehicle ownership lies in its ability to provide 
households with a mobility option that is a viable and desirable alternative not just to driving, but 
to owning a vehicle altogether. This theory, however, is yet to be tested: to date, there have been 
no empirical investigations of the relationship between BRT and household vehicle ownership, 
and there is very little evidence thus far that BRT investment is itself capable of vehicle 
ownership decisions.  
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A handful of recent studies in developing and low-vehicle ownership contexts have 
examined the relationships among rail or conventional bus transit access, urban form, and vehicle 
ownership at the household level, with mixed results. Srinivasan, et al. (2007) studied changes in 
car and two-wheeler ownership in Chennai, India, over a five-year period during which incomes 
rose 31 percent, two-wheeler ownership rose 80 percent, and car ownership doubled. Using a 
cross-sectional, retrospective study, they found that households with grocery stores or markets in 
the neighborhood were less likely to have obtained cars or two-wheelers than households without 
such access, controlling for household size and composition and type of residence. Transit access, 
location with respect to the CBD, and land use mix of the neighborhood of residence were not 
significant. 
Senbil, et al. (2009) compared relationships between environmental attributes and the 
odds of vehicle ownership in two Asian metropolitan areas, Kei-Han-Shin in Japan and Kuala 
Lumpur, Malaysia. They found auto ownership to be negatively correlated with land use diversity 
and positively related to CBD distance in Kei-Han-Shin; in Kuala Lumpur, land use diversity and 
auto ownership were also negatively related (CBD distance was not significant). Public transit 
access (measured as the number of relevant destinations accessible from the residence weighted 
by the public travel time needed to access those destinations) was not significantly related to 
vehicle ownership in either setting.  
Yamamoto (2009) studied car ownership in Kuala Lumpur as well, and found that the 
likelihood a household owned at least one car in that city was lower in areas of higher population 
density, areas closer to the CBD and, unexpectedly, areas with greater public transit accessibility 
(using the same index as Senbil, et al. (2009)). Land use diversity of the residential neighborhood 
was nearly significant, and negatively related to the odds of vehicle ownership. Yamamoto (2009) 
also examined the built environment’s relationship with motorcycle ownership, a relatively 
unexplored but increasingly popular mobility solution in developing cities. He found that the 
likelihood a household owned at least one motorcycle (but no cars) was lower closer to the CBD, 
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in areas with greater public transit accessibility, and in areas with greater land use mix. 
Population density was not significant.  Finally, combined car and motorcycle ownership (i.e., the 
likelihood a household owned both a car and a motorcycle, compared to the reference category) 
was lower in areas with higher population density, greater CBD proximity, and greater land use 
mix. Public transit accessibility was not significant in the cars+motorcycles model.  
Zegras (2010) examined the effects of several meso- and micro-scale built environment 
features on motorization in Santiago, Chile. Using a multinomial logit model, he found ownership 
to be higher in neighborhoods with poor bus accessibility relative to automobile accessibility 
(using a gravity measure that compares travel times by modes to key destinations within the city) 
and lower in households in high-density neighborhoods (TAZs) and in neighborhoods with a 
greater mix of land uses. Households in neighborhoods with a high four-way intersection density 
and households within 500 meters of a metro station were less likely to own multiple cars; neither 
intersection density nor proximity to a metro station was significant for ownership of a single car 
(versus none). Overall, the strength of the built environment variables’ effects increased as the 
number of cars increased.  
Using household surveys in Beijing from 2001 and 2006 (a time span in which vehicle 
ownership rates nearly tripled in that city), Chen & Zegras (forthcoming) found no relationship 
between location within 800 meters of a subway station and the odds of vehicle ownership. 
Location inside the city’s third ring road was associated with an increase in the odds of vehicle 
ownership.  
Li et al. (2010) found that the odds of vehicle ownership among surveyed households in 
Beijing and Chengdu, China, were negatively related to population density and CBD distance. 
Transit accessibility (distance to the closest bus stop) was not a significant predictor of vehicle 
ownership in Chengdu (and was not tested in Beijing).  
Finally, in Nairobi, Kenya, Salon & Aligula (2012) modeled jointly the odds of vehicle 
ownership and mode choice with respect to residential population density and CBD distance. 
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They found reduced likelihood of vehicle ownership with increasing density, as expected, and 
with CBD distance (an unexpected relationship from the U.S. perspective, but not uncommon in 
developing cities). Notably, they also discovered differences in travel and vehicle ownership 
preferences according to wealth, with very little importance placed on the cost of transport, 
emphasizing instead comfort, safety, and reliability; the reverse was true for low-wealth 
households.  
Given the limited research on vehicle ownership (with respect to transit access and/or 
urban form) in low-motorization contexts, a review of findings from recent studies in more 
developed, saturated settings is useful, as they tend to include more detailed measures of urban 
form and transit access. 
Among the more recent efforts, Bhat and Guo (2007) found that car ownership was 
negatively correlated with transit access time and residential and employment densities in the 
respondents’ transportation analysis zone of residence, and that these effects were more 
pronounced in low-income households. They qualify these findings via residential sorting: low-
income households tended to be more limited to neighborhoods with lower commute costs, longer 
commute times, and greater employment densities.  
On the other hand, Cao and colleagues (2007b) found no relationship between subjective 
measures of urban form and auto ownership among recently relocated households in Northern 
California, once respondents’ attitudes regarding travel and residential location were controlled 
for. However, the results of a quasi-panel analysis of the same population (in which they asked 
respondents to recall if or how their vehicle ownership changed after their most recent household 
move) indicated a very small effect of some built environment measures on auto ownership, but 
vastly overshadowed by the effects of attitudes and preferences for neighborhood type and by 
socio-demographics. They conclude that the built environment has negligible direct effects on 
auto ownership, but that it likely has a role in facilitating the exercise of individual travel 
preferences. The results are limited, however, in that the study relies on subjective measures of 
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the built environment and does not control for the availability of transit. Nevertheless, this is 
among the few studies to attempt to incorporate longitudinal data into a household-level auto 
ownership study. 
Shay and Khattak (2007) used factor analysis to model the built environment auto 
ownership relationship in North Carolina. Of five extracted built environment factors (measured 
at the census block group level), only the factor representing accessibility (incorporating bus stop 
counts, road density, median parcel size, median parcel age, and median distances to various land 
uses) was significant: household car ownership in the most accessible block groups was 45 
percent lower than in the least accessible block groups, controlling for block group-level socio-
economic factors. Although the study was limited to cross-sectional data and aggregate socio-
demographic data, it is one of the first to simultaneously examine detailed aspects of both the 
built environment and transit access. 
Similarly, Potoglou and Kanaroglou (2008) investigated the effects of detailed built 
environment features and transit access on household-level motorization in Hamilton, Canada. 
Using a multinomial logit model (with zero, one, two, and three or more cars as the outcomes), 
they found that density, land use diversity, transit access, and distance to work – all measured at 
the level of the TAZ – were significantly related to auto ownership, controlling at the household 
level for income, dwelling type, and household composition. In particular, density (the sum of 
households and jobs per acre) and two measures of diversity (a mixed density index and an 
entropy index) were negatively associated with car ownership at all levels. Transit access (the 
number of bus stops within 500 meters of the home) was negatively associated with car 
ownership at higher levels of ownership: household with greater transit access were less likely to 
own three or more cars. 
Woldeamanuel and colleagues (2009) used data from a panel survey of households 
between 1996 and 2006 to analyze the relationship between the built environment, transit access, 
and auto ownership in multiple cities in Germany. They found density, proximity to a CBD, 
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proximity to transit of any type (bus, tram, subway, or regional rail), and proximity to shops and 
cinemas to be associated with lower rates of car ownership, while having relocated during the 
survey period (which typically occurred in the urban-to-suburban direction) was associated with 
increased car ownership.   
Finally, Salon (2009), using a nested logit model of car ownership and car use among 
households in New York City, found that neighborhood population density was negatively related 
to car ownership, as was the number of subway lines within walking distance of the home. No 
other urban form variables were tested. 
Summary & directions for further research 
Despite variations in research setting and methodology, some consistent themes emerge 
in the research. On balance, the studies reviewed find decreased motor vehicle ownership with 
increased transit access, whether access is measured in terms of distance to a stop or the number 
of stops within walking distance from the residence. Vehicle ownership is also lower in 
households in areas with greater residential density, employment density, land use mix, proximity 
to activity centers and agglomeration zones, and street and/or intersection density.  
Nevertheless, whether there is or could be a direct causal link between BRT access and 
vehicle ownership, and under what circumstances such a link might exist, remains to be seen. 
This uncertainty is due to several factors. To begin with, most of the research on travel behavior 
has taken place in settings in which the motorization rate is steady and quite high, making it 
virtually impossible to discern any real, statistically significant changes in vehicle ownership with 
respect to either urban form or transit access.  In developing countries, where motorization rates 
are low but quickly rising, research into the relationship between transit access, urban form, and 
transportation outcomes tends to be limited to one or a few measures of urban form, usually at 
high levels of aggregation. 
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Secondly, transit access tends to be measured arbitrarily. Most studies that include transit 
access as an independent variable do so by determining whether households are within catchment 
areas which, for decades have been prescribed by industry standards as 400 meters for buses and 
800 meters for rail and subway (Mistretta et al., 2009). These distances are bolstered by studies 
comparing ridership within, versus outside of, pre-determined catchment areas (for example, 
Crowley, et al. (2009) report that subway use drops off quickly at 400 meters among travelers 
living in suburban Toronto, and Lindsey, et al. (2010) likewise find that surface rail transit 
ridership for work trips drops off when either the origin or destination is more than 400 meters 
from a transit stop in Chicago). In spite of industry and research standards, surveys of transit 
users in cities around the world show walk access distances and times that vary quite 
significantly, according to the setting, the type of user, and the walking environment (Canepa, 
2007, 2007). 
Third, the vast majority of studies on the relationship between transit and vehicle 
ownership focus on rail transit, rather than on BRT. While many proponents of BRT have argued 
it has similar effects as rail on transportation outcomes (Hensher and Golob, 2008), this claim has 
yet to be tested empirically in the context of rapid motorization. 
Next, while the existing literature shows expected, yet very small relationships between 
transit and vehicle ownership and between urban form and vehicle ownership, thus far no study 
has looked explicitly at the possible synergisms between (or co-dependence of) transit access and 
urban form in terms of their joint effect on vehicle ownership, which may be much greater than 
the sum of their individual effects. 
Finally, most relevant studies to date are cross-sectional snap-shots of the relationships 
among vehicle ownership, urban form, and transit access (Zegras, 2010). Thus, they are unable to 
examine the changes in patterns of vehicle ownership after a change in transit service, relative to 
before the change, and therefore are unable to determine causality. If we wish to know the 
impacts a major change in transit service – such as the implementation of a Transmilenio-like 
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BRT system – could have on patterns of vehicle ownership, before-and-after knowledge is 
essential.  
Research questions & conceptual approach 
The traditional view of motorization is that the growth in ownership of cars, motorcycles, 
and light trucks is primarily, if not solely, a function of increasing psychosocial pressures and 
financial resources. Financial resources indicate a household’s ability to purchase and maintain a 
vehicle. Psychosocial pressures include the anthropological, political, psychological, and 
utilitarian forces behind the desire to own a vehicle (Vasconcellos, 2001). While financial and 
psychosocial pressures are arguably important factors in household motorization (vehicle 
ownership) decisions, the bulk of the evidence supporting the traditional view is based on 
aggregate-scale, historical studies of motorization in highly industrialized settings (e.g., Button et 
al., 1992; Dargay and Gately, 1997; De Jong et al., 2004). At the household level – where 
motorization decisions are made – the travel behavior literature supports a more nuanced view of 
motorization: the number of vehicles a household owns is a function of its mobility needs and its 
non-car mobility options, in addition to its psychosocial pressures and financial resources. 
Mobility needs refers to the household’s need to access subsistence, maintenance, and 
leisure activities (Krizek, 2003a). Mobility needs is a function of household characteristics such 
as size and composition. Non-car mobility alternatives refer to the household’s ability to access 
those subsistence, maintenance, and leisure activities without a motor vehicle. Mobility 
alternatives has two basic components: (1) the supply and quality of public transport – including 
buses, taxis, and informal transit – available to the household, and (2) the viability of walking, 
bicycling, and other nonmotorized travel modes for household members, and the usefulness or 
appeal of the destinations that can be reached by those modes.  
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This chapter presents two analyses, corresponding with the first two research questions 
presented in Chapter 1 and following the conceptual approach in Figure 1. As this chapter focuses 
only on vehicle ownership, the conceptual approach is modified slightly, as shown below: 
 
Figure 5. Conceptual framework, Analysis I 
As in the overarching conceptual framework, the solid black line represents the primary 
relationship tested in this chapter – the relationship between the supply of non-car mobility 
alternatives and vehicle ownership. The solid grey lines indicate that I control for mobility needs 
and financial resources. The two analyses represent two different ways of thinking about non-car 
mobility alternatives. 
Analysis I-a: Transit access should influence vehicle ownership 
Theoretically, if a household has greater mobility needs than can be accommodated by its 
non-car mobility options, the household will pursue private motor vehicle ownership if it can 
afford to do so. Improving the household’s non-car mobility options by providing high quality 
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public transport may aid in closing the gap between needs and options, and may thus influence 
some households to delay or forgo vehicle ownership. In this analysis, I examine whether 
improving non-car mobility options by providing access to BRT is related to lower levels of 
vehicle ownership, controlling for household mobility needs, financial resources, and to the 
extent possible, psychosocial pressures. I hypothesize that the improvements in non-car mobility 
provided by BRT investment (supply, quality, and affordability of public transport) resulted in 
lower levels of vehicle ownership – measured as a reduction in the household’s odds of owning 
one or more vehicles, compared to pre-BRT levels – controlling for household mobility needs and 
financial resources 
Thus, in the first part of this analysis, I address the following research question (research 
question 1):  
Is vehicle ownership, measured in terms of households’ likelihood of owning one or more 
motor vehicles (cars, light trucks, and motorcycles), influenced by BRT access? 
 
 
Figure 6. Conceptual approach, Analysis I-a 
 
The relationship in question is indicated by dashed black arrows in Figure 6. A 
household’s vehicle ownership level is influenced in part by the household’s non-car mobility 
options, which in this conceptual diagram is equivalent to the supply of public transport available 
to it. Public transport supply is, in turn, determined by the type of transit available to the 
household (BRT or conventional bus transit). Other determinants of vehicle ownership include 
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household mobility needs and financial resources, as well as household members’ ability to make 
trips by nonmotorized modes.  
Analysis I-b: Transit access and urban form interact to influence vehicle ownership 
Based on the literature reviewed previously, I also propose that BRT access is not simply 
an independent component of a household’s non-car mobility options, but that BRT access 
interacts with urban form to influence non-car mobility. In other words, the utility of BRT access 
as an alternative to motorization and car-based travel is dependent upon the supportiveness – the 
density, walkability, and land use mix – of local urban form. The literature can be summarized to 
explain this dependence as follows: 
 Supportive neighborhood-level urban form improves the viability of transit for metro-
area trips. A walkable, navigable environment that allows residents to reach the transit 
system safely and easily increases the likelihood that residents use the system and 
perceive it as an alternative to private motorized mobility. Thus, in the absence of 
adequate access to transit, households are more likely to feel pressure to motorize in 
order to meet their metro-area transport demand. 
 Supportive neighborhood-level urban form increases the viability of nonmotorized modes 
for daily activities. Supportive local environments can reduce the demand for local 
motorized mobility by bringing a variety of goods and services closer to households and 
by facilitating walking and bicycling to those destinations. If the local built environment 
is unsafe, does not promote walking and bicycling, or does not incorporate a variety of 
land uses, residents are more likely to feel pressure to motorize in order to meet their 
local transport demand. 
 Supportive neighborhood-level urban form increases transit ridership catchment areas. 
The more supportive the built environment is for walking, the farther individuals are 
willing to walk to destinations – including transit stations – in that environment (Canepa, 
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2007). Thus, transit stations located in supportive environments will have larger 
catchment areas than stations in areas hostile to pedestrians.  
 Increased densities lead to improved transport supply. The greater the concentration of 
jobs and/or households along a transit route or surrounding a transit station, the greater 
the proportion of the population with access to the transit system, the more cost-effective 
it is to serve that area, and the better the transit service is likely to be in that area. 
A supportive built environment is expected to enhance the potential effectiveness of 
transit by improving access, increasing the viability of nonmotorized modes for non-transit trips, 
and by expanding the geographic area and population for which transit is a viable alternative to 
private motorization. Thus, we would expect that coordination of land use and transit investment 
will have a significantly greater impact on motorization rates and on travel behavior than transit 
investment alone. I hypothesize that BRT-served households will have lower odds of vehicle 
ownership the more supportive their neighborhood urban form is of walking, bicycling, and using 
transit, compared to households without BRT service and controlling for pre-BRT vehicle 
ownership levels. In the second part of this analysis, I address the following research question 
(research question 2):  
Is the relationship between BRT access and vehicle ownership influenced by or 
contingent upon urban form? 
 
The conceptual approach for this analysis changes slightly, but importantly: 
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Figure 7. Conceptual approach, Analysis I-b 
Urban form is hypothesized to influence the public transport supply and the 
nonmotorized transport supply; public transport supply and nonmotorized transport supply in turn 
influence non-car mobility options. In this diagram, public transport is now treated as a product 
(interaction) of BRT access and urban form. Likewise, the hypothesized impacts of non-car 
mobility options on vehicle ownership represents the interaction of public transport supply (BRT 
access and urban form) and nonmotorized transport supply (urban form) on vehicle ownership.  
Research Design 
In addressing both research questions, I examine changes in the households’ odds of 
vehicle ownership (a) for households located in a BRT feeder or trunk service area versus 
households not in a service area, and (b) with changes in distance from the household to a BRT 
feeder or trunk stop.  
I use a difference-in-differences research design, with data from citywide household 
mobility surveys conducted approximately five years before and five years after Transmilenio’s 
initial implementation serving as independent pre- and post-tests. The design is diagrammed as 
follows (Shadish et al., 2001): 
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where O1 and O2 represent independent households sampled in 1995 (pre-BRT) and 2005, 
respectively, and X represents the BRT implementation. The vertical line indicates that the before 
and after samples are independent. Theoretically, the difference in the outcomes between O2 
minus O1 of the treatment group (top line) and O2 minus O1 of the control group (bottom line) 
can be attributed to the treatment (BRT implementation). 
Analytical approach 
Analysis I-a 
I analyzed the data for Analysis I-a using logistic regression, modeling the probability 
that a household owns at least one motor vehicle given the household’s access to the BRT system 
and controlling for mobility needs and financial resources. This probability is estimated using the 
logit model shown below: 
 P(yi=1|xi)=exp(xβ)/(1+exp(xβ)) [logit model] 
where P(yi=1|xi)= is the probability of vehicle ownership for household i given its household 
characteristics and BRT access x. β represents the estimated coefficients associated with x as 
shown below: 
 xβ =  ai + 1*controlsi + 2*yeari + 3*trunki + 4*feederi + 1*trunki*yeari + 
2*feederi*yeari + εi [Equation 1] 
where yeari is a dummy variable that takes on the value of ‘1’ for observations in the post-test 
year (2005) and ‘0’ for observations in the pre-test year (1995). The variables trunki and feederi  
are dummy variables taking on values of ‘1’for observations located in the trunk and feeder 
service areas, respectively, and ‘0’ for observations outside the service areas. 
Because the household-level data are only available as a cross-section (rather than a true 
panel), I pooled the data, allowing for incorporation of explanatory variables from both before 
and after BRT implementation, as either fixed effects (e.g., location within the city) or time-
varying effects (e.g., BRT access). I used robust standard errors and clustered the data at the 
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neighborhood level to account for un-modeled neighborhood-level factors affecting travel 
behavior. In practice, this means I interacted the variables trunk and feeder with the dummy 
variable year (given by 1*trunki*year and 2*feederi*yeari, above). 
 Exponentiating the coefficients on the interaction terms shows the estimated change in 
the odds of owning a vehicle given a change in access to the trunk or feeder service (from 0 to 1) 
in the post-test, controlling for the odds of vehicle ownership in the pre-test (see Puhani, 2008). 
The results can also be interpreted by comparing the predicted probability of vehicle ownership in 
the post-test for households with no BRT access to the predicted probability of ownership for 
households with feeder access and with trunk access, again controlling for vehicle ownership in 
the pre-test.   
I also estimated the effect of a continuous measure of distance to the closest trunk and 
feeder stops on vehicle ownership. I used the same logit model to estimate the effect of 
continuous distance to the BRT on vehicle ownership, except that the dichotomous trunk and 
feeder access variables (trunk and feeder) are replaced with distance measures (dist_trunk and 
dist_feeder). I include squared terms (dist_trunk
2
 and dist_feeder
2
) to account for potential non-
linear effects of distance to BRT on vehicle ownership.  
As distance increases from one type of stop (feeder, for example), it is potentially also 
decreasing to the other type of stop. In order to avoid the possibility that distance effects for each 
type of transit service are offsetting each other, I analyzed the relationship between feeder 
distance and motorization and trunk distance and motorization separately, in each case limiting 
the sample to households within 1200 meters of the service type of interest. When focusing on 
distance to a trunk stop, I also controlled for whether the household was within 800 meters of a 
feeder stop, and vice versa, to capture any effects of being located in an area with both types of 
service.  
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Sensitivity to phased implementation 
Transmilenio has been implemented in phases; this research focuses on the changes 
brought about by phases I (2000-2003) and II (2003-2005). Households that received trunk or 
feeder service before the post-test (2005) will have first received service in either phase I or phase 
II. To assess whether the phase in which Transmilenio access was first received differentially 
affected households’ response to receiving the service, I used the contrast function in Stata 12.0 
to determine whether coefficients on variables representing the phase in which BRT service was 
received were significantly different from each other. To conduct this test, I modified Equation 2 
slightly, replacing the trunk access and feeder access variables with dummy variables 
representing not just whether the household’s location vis-à-vis the trunk or feeder service, but 
their location vis-à-vis each of the two phases of service.  
 In this model, phaseI_trunk, phaseII_trunk, phaseI_feeder, and phaseII_feeder replace 
trunk and feeder and are dummy variables representing the phase in which the household first 
received trunk or feeder access. The contrast function provides a Wald test of whether the 
coefficients 1 and 2 (in testing the trunk phases) and coefficients 3 and 4 (for the feeder 
phases) are significantly different from each other. If the test shows the coefficients are not 
significantly different from each other, then it provides evidence that, from a mathematical 
perspective, post-test households in locations receiving BRT access in phase I did not respond 
significantly differently to receiving trunk access than did post-test households that did not 
receive BRT access until phase II, controlling for pre-test responses to location. Functionally, this 
result would mean the two phases can be pooled into a single variable, and the model is specified 
as shown in Equation 1. If the test shows the lambda coefficients are significantly different from 
each other, it means the two phases must be kept distinct, and the appropriate specification will be 
the modified Equation 1-phased.  
 65 
Segmentation of households by wealth and location 
Exploratory analysis revealed that Strata 2 and 3 households were underrepresented in the 
trunk service areas, while Strata 4 and 5 households were underrepresented in the feeder service 
areas, as shown in Figure 8.  
 
Figure 8. Location of BRT service and surveyed households, by 
wealth segment 
Preliminary models also indicated that the coefficients on dummy variables representing 
the different strata were inconsistent across BRT service areas, suggesting that stratum influenced 
the relationship between BRT access and vehicle ownership. This is consistent with prior research 
(e.g., Bhat and Guo, 2007; Srinivasan, Pradhan, et al., 2007; Manaugh and El-Geneity, 2011), 
which found that households’ sensitivity to changes in their transit access and built environments 
hinged on their level of wealth. In keeping with recommendations by Srinivasan, Pradhan, and 
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colleagues (2007), and consistent with other studies using the same household survey data in 
Bogotá (e.g., Bocarejo and Oviedo, 2012), I segmented the study population into a lower-wealth 
group (comprised of strata 2 and 3 households; n=20,348) and a higher-wealth group (strata 4 and 
5 households; n=3,853). 
Analysis I-b 
This analysis uses similar modeling approaches as Analysis I-a, with the addition of 
explanatory variables representing urban form and urban form-transit interactions. The models in 
this analysis build on those from Analysis I, using the same model structure and the same 
outcome, control, and transit-access variables. Because of the large number of urban form 
variables (and thus the large number of potential urban form-transit access interaction terms), I 
used exploratory factor analysis to reduce my form data to its underlying dimensions. As in 
Analysis I-a, I segmented my study population into lower-wealth and higher-wealth households. 
Within each segment, I used a series of regression models to answer the question of 
whether urban form influences the relationship between transit access and vehicle ownership. I 
first explored the relationship between vehicle ownership and urban form (controlling for 
household mobility needs and financial resources and clustering at the level of the neighborhood). 
Following the same approach as in Analysis I-a, I interacted the urban form measures with year to 
determine whether the relationship between urban form and vehicle ownership changes from the 
pre-test to the post-test. The equation for this exploratory model is written as follows: 
 xβ =   ai + 1*controlsi + 2*yeari + 3n*formin + 1n*formin*yeari + εi [Equation 2] 
Again, yeari is a dummy variable that takes on the value of ‘1’ for observations in the 
post-test year and ‘0’ for observations in the pre-test year, formin represents the nth measure of 
urban form, and yeari*formin represents the interaction of yeari and the nth measure of urban 
form. 
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If urban form measure n is not interacting with transit access to influence vehicle 
ownership, then we would expect the coefficient n to be insignificant, suggesting the relationship 
between the measure of urban form and vehicle ownership does not change from the pre-test to 
the post-test. If the coefficient n is significant, it means the built environment had a stronger 
influence on vehicle ownership in the post-test than in the pre-test. This would be preliminary – 
but not conclusive – evidence to support the hypothesis that urban form and transit access are 
interacting to influence vehicle ownership.  
I then performed the fully interacted regression models, regressing vehicle ownership on 
urban form, transit, and form*transit interaction terms. As in Analysis I-a, I measure transit 
access in two ways: dichotomously, in terms of location within trunk and feeder service areas, 
and continuously, as distance (and distance squared) to the closest trunk and feeder stops. The 
equations for this analysis parallel those of Analysis I-a, with the addition of the urban form 
measures and the form*transit interactions. The equation for the access buffer model is presented 
below:
9
 
xβ =  ai + 1*controlsi + 2*yeari + 3*trunki + 4*feederi +   
 1*trunki*yeari + 2*feederi*yeari + 5n*formin + 3n*trunki*yeari*formin + 
  4n*feederi*yeari*formin + εi [Equation 3] 
A significant coefficient on the trunk*year*formn or feeder*year*formn interaction terms 
can be interpreted as evidence that urban form measure n is interacting with trunk or feeder 
access to influence the odds of vehicle ownership.  
Data 
The data for this research come from city wide household mobility surveys conducted in 
1995 and 2005 and from GIS layers compiled from a variety of sources. The unit of analysis is 
the household, and mobility needs and financial resources will be measured at the household 
                                                     
9
 Based on the results of the analysis of sensitivity to implementation phase, Equation 3 may be 
modified to include phased BRT access variables rather than pooled BRT access variables. 
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level. However, due to privacy concerns, households can be spatially identified only at the level 
of the census sector, geographic areas of approximately 0.6 km
2
. Thus, the explanatory variables 
(BRT access) are measured at that level. Each household in a neighborhood (delineated by census 
sector boundaries) will be considered as having the same BRT access.  
The household mobility surveys were conducted in 1995 and 2005 by the Japan 
International Cooperation Agency and Bogotá’s Office of Transit and Transportation, 
respectively. The methodologies used by the two agencies differed somewhat; however, within 
years, they were consistent across treatment and control groups (Santana, 2009).
 10
 Together, the 
surveys provide pre- and post-test household-level data on vehicle ownership, mobility needs, and 
financial resources. Table 1 shows the sample size and distribution of surveyed households across 
sectors for the pre- and post-tests. 
Table 1. Distribution of surveyed households by year 
 Pre-test Post-test 
Total households surveyed 13,709 13,291 
Mean (st. dev.) surveyed households per sector  30.06 (26.47) 29.15 (27.85) 
 
 
Ownership 
The outcome variable in this analysis is binary, measuring whether or not the household 
owns one or more motor vehicles. The sources for this variable are city wide household mobility 
surveys.  
Control measures  
Household level 
Using data from the 1995 and 2005 household surveys, I controlled for household 
measures of mobility needs and financial resources. Larger households, with more women and/or 
children, and more students and members working outside the home are expected to have more 
                                                     
10
 See Santana (2009) for a detailed description of the two surveys’ methodologies and discussion 
of their comparability for research purposes. 
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complex travel needs (Fan and Khattak, 2008), and therefore increased likelihood of owning a 
motor vehicle. Based on findings from prior research on drivers of vehicle ownership (e.g., 
Srinivasan, Bhargavi, et al., 2007; Li et al., 2010); and socio-demographic determinants of travel 
patterns (Fan and Khattak, 2008), I used the following variables to represent household mobility 
needs: the number of adults (adults), women (women), and children (children) in the household, 
and whether the household includes very young children (young), elderly adults (elderly), or 
multiple generations (multigen). 
Financial resources indicate the household’s financial ability to purchase and maintain a 
vehicle. Neither survey includes reliable income or expenditure data, but they do contain 
information on educational attainment and employment status, which are frequently used as 
proxies for income (Jolliffe, 2002; Bollen et al., 2007). Education may also represent a 
household’s likely monetary value of time (Handa, 2000); households with higher education tend 
to value their time more highly and thus favor faster modes of transportation (Schafer and Victor, 
2000; Fan and Khattak, 2008) and are more likely to be motorized than households with lower 
education and lower values of time.  
I used the following measures to estimate financial resources: the number of household 
members having attained at least a college degree (college), the number of household members 
having attained a high school or technical degree, but no college (hightech), the share of adults 
seeking employment (jobseek), the share of working adults employed in blue collar jobs or as 
domestic help (lowwage), and a dummy variable indicated a household with no wage earners 
(indicated the household has fixed or no income; nowage). I also included a variable indicating 
whether the household is headed by a female (female), as female-headed households tend to have 
lower earning potential than male-headed households with similar employment statuses and 
education levels (Buvinic and Gupta, 1997).  
Finally, I used a variable representing socio-economic stratum. Each block in Bogotá is 
assigned to one of six socio-economic strata, an estimate of the prevailing level of wealth of the 
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households in the tract (Mohan, 1994). Stratum 1 represents the most impoverished census tracts; 
stratum 6 represents the wealthiest ones. Though stratum is not necessarily related to income or 
resources, it is widely accepted as a suitable substitute in household level research in Bogotá 
(Muñoz-Raskin, 2007). I focused my analysis on households in Strata 2-5, where the biggest 
changes in vehicle ownership levels are likely taking place.  
Neighborhood level 
Use of transit and nonmotorized travel modes is thought to be negatively correlated with 
neighborhood-level crime rates, though empirical analyses of the impact of crime on transit 
and/or nonmotorized travel have been inconclusive. A few studies (e.g., Ravenscroft et al., 2002; 
Rybarczyk and Wu, 2010) have found very strong associations between perceptions of safety 
from crime and alternative travel modes (particularly bicycle). I included neighborhood-level 
crime rate (number of violent personal crimes per capita between 2000 and 2002) as a control 
variable.   
Finally, I also included a measure of regional accessibility, which is the straight-line 
distance (in kilometers) from the neighborhood center to the closest of Bogotá’s two primary 
centers of commercial and business activity.  
Table 2. Descriptions of household characteristics variables and expected direction of relationship 
with vehicle ownership 
Variable Description Expected Direction 
adults # of householders 18 years and older + 
women # of female householders 18 years and older + 
children # householders 0-17 years + 
young Dummy. 1 = children < 6 yrs old present + 
elderly Dummy. 1 = adults > 80 yrs old present - 
multigen Dummy. 1 = 0-17 yrs, 18-59 yrs, & 60+ yrs old present - 
collgrad # householders with college degree + 
hightech # householders with high school or technical degree (no college) + 
jobseek Ratio of job-seeking adults to employed adults - 
lowwage Share of employed adults in blue collar jobs or as domestic help - 
nowage Dummy. 1 = no wage earners present - 
female Dummy. 1=  household is head is female - 
stratum Block-level measure of prevailing wealth + 
activity Straight line distance (in kilometers) to closest activity center - 
crime # of violent personal crimes/1,000 population - 
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Transit access data 
The primary explanatory variables are GIS-based measures of households’ access to BRT 
over time. I measured BRT access in two ways. The first is a dichotomous measure of whether 
households are located within a BRT trunk or feeder service area. I used a 2-ring network buffer 
(following surface streets and cycle paths) to delineate service areas. The inner ring includes all 
census sectors in which at least half of the residential land area falls within 0 to 400m of a trunk 
or feeder stop. The outer ring includes all census sectors in which at least half of the residential 
land area falls within 400 to 800m of a trunk or feeder stop. Households are in the trunk service 
area if they are located in a census sector in which at least half of the residential land area of the 
sector falls within an 800-meter buffer around a trunk station. Feeder service is determined 
similarly. The buffers for the trunk and feeder service areas are shown in Figure 9. I also 
measured households’ access to BRT continuously, as network distance to the closest feeder stop 
and the closest trunk station.
 
 Each household is assigned the distance for each type of service 
(trunk or feeder) equal to the network distance between the closest access point of that service 
type and geographic centroid of the developed land area within the household’s census sector.  
Table 3. Description of transit access variables and expected relationship with vehicle ownership 
Variable Description 
Expected 
Direction 
Year Dummy. 1= household was surveyed in post-test (2005) + 
Feeder_inner Dummy. 1=household is within 400m of a feeder stop  
Feeder_inner*year Interaction of Year and Feeder_inner - 
Feeder_outer Dummy. 1=household is between 400 & 800m of a feeder stop  
Feeder_outer*year Interaction of Year and Feeder_outer - 
Trunk_inner Dummy. 1=household is within 400m of a trunk station  
Trunk_inner*year Interaction of Year and Trunk_inner - 
Trunk_outer Dummy. 1=household is between 400 & 800m of a trunk station  
Trunk_outer*year Interaction of Year and Trunk_outer - 
Feeder_dist Walking distance (x 100m) to closest feeder stop  
Feeder_dist*year Interaction of Year and Feeder_dist + 
Feeder_dist2 Squared walking distance (x 100m) to closest feeder stop  
Feeder_dist2*year Interaction of Year and Feeder_dist2 - 
Trunk_dist Walking distance (x 100m) to closest trunk station  
Trunk_dist*year Interaction of Year and Trunk_dist + 
Trunk_dist2 Squared walking distance (x 100m) to closest trunk station  
Trunk_dist2*year Interaction of Year and Trunk_dist2 - 
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Figure 9. Trunk and feeder access by census sector 
 
Urban form  
In addressing my second research question, I also used measures representing four of the 
five dimensions of urban form, as characterized by Ewing and Cervero (2010).
11,12 
Density 
In this study, I measured density as the population per hectare of developed land 
(excluding parks, vacant land, and uninhabitable areas such as mines, drainages, and the airport) 
                                                     
11
 The fifth dimension, access to transit, is the primary explanatory variable in Analysis I-a. 
12
 In Chapter 3, I reviewed the five dimensions of urban form, as characterized by Ewing & 
Cervero (2010), commonly appearing in studies of relationships between urban form and travel 
behavior.  
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within each neighborhood (density). The neighborhood is defined as a circle with a 400-meter 
radius, around the centroid of each census sector.
13
 The fine-grained, vertical mixes of land uses 
in Bogotá preclude the use of a net residential density measure, whereas gross residential density 
underestimates actual densities in areas with lots of undevelopable or uninhabitable land, 
prevalent throughout the lower-wealth neighborhoods along Bogotá’s southern and western 
edges. 
Street network design 
I measured street design in terms of the density of local and neighborhood streets (local), 
of major roads and arterials (major), and of dedicated bicycle paths (ciclorruta). While 
connectivity may be a more common measure of street network design in developed-city research 
settings, creating connectivity measures from GIS requires having sophisticated, comprehensive 
street network data with intersections clearly and accurately placed. In developing settings, such 
data are not always readily available and the street network data is limited to the locations and 
types of streets (and do not include reliable intersection data). 
Diversity 
I measured diversity in terms of the percentage of the neighborhood’s built area zoned for 
commercial or mixed commercial/residential land use (pct_comm) and the numbers of 
educational (school_density) facilities present within the neighborhood. I opted to use these 
simpler measures of diversity rather than either of the aforementioned indices for two reasons. 
The first reason is one of practicality: the fine-grained, vertical, and often informal mixtures of 
land uses common in dense developing cities make the collection and maintenance of accurate 
and reliable land use data virtually impossible without regular on-street audits.  
The second reason is more theoretical: entropy and dissimilarity indices rely on the 
assumptions that the more land uses in an area (whether the area is a neighborhood or a cluster of 
                                                     
13
 I addressed issues of neighborhood delineation in Chapter 3. 
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grid cells), the more supportive the area is for transit and nonmotorized travel. In other words, 
more land uses are better than fewer land uses, regardless of what those land uses are (Rodríguez 
et al., 2009). Thus, an unweighted entropy index would rate a neighborhood with residences, an 
airport, and an open-pit mine higher than a neighborhood with just residences and a shopping 
center. Likewise, an unweighted dissimilarity index would rate a residential grid cell higher if it is 
adjacent to an industrial complex than if it is adjacent to other residential grid cells. Weighting 
land uses in the indices might seem like an obvious solution, but it requires that (a) we know how 
the presence of each type of land use will influence travel, and (b) those influences are consistent 
across different population segments.  
Destination accessibility 
I measured destination accessibility as the network distance (following surface streets and 
bicycle paths) to each of the following: 
 the CBD (dist_CBD),  
 the closest major commercial center (dist_shop; e.g., shopping centers, malls, and large 
commercial districts),  
 the closest health care facility (dist_health),  
 the closest place of worship (dist_church),  
 the closest cultural facility (dist_cultural), and  
 the closest social/public services facility (dist_social; e.g., community centers and public 
recreational facilities).  
 
Other measures 
Though not explicitly listed among Ewing & Cervero’s dimensions, I also employed a 
dimension of development intensity, which I measured in terms of the proportion of the 
neighborhood dedicated to parks and green space (pct_park) and the proportion of the 
neighborhood that is developed (excluding parks, agriculture, and vacant land; pct_built). I also 
included three additional variables that, while not common in the literature, are relevant and 
unique to the context of Bogotá. The first is the proportion of land in the neighborhood in 
extractive, utility, or industrial land uses (pct_undesirable). I also included dummy variables 
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indicating whether the neighborhood abuts Bogotá’s El Dorado International Airport (airport) 
and whether the neighborhood includes the steep slopes along the city’s eastern flank (steeps).  
Table 4. Description of built environment measures, expected relationship with vehicle 
ownership, and source 
Variable Name Description 
Expected 
Direction Source & Date 
Density   
 Density population per built hectare  + Census, 1998 & 
2005 
Street network design   
 Local  kilometers of local & collector streets/km
2
 + GIS, 2004* 
 Major  kilometers of arterial streets & 
highways/km
2
 
mixed GIS, 2004* 
 Ciclorruta  kilometers of ciclorruta/km
2
 + GIS, 2004* 
Land use diversity    
 School_density schools/km
2
 + GIS, 2006 
 Pct_comm % of built area zoned commercial or 
mixed  
commercial/residential 
+ GIS, 2004* 
Destination accessibility   
 Dist_shop Dist. (100m) to closest major commercial 
center 
- GIS, 2006 
 Dist_health Dist. (100m) to closest health care facility - GIS, 2006 
 Dist_church Dist. (100m) to closest place of worship - GIS, 2006 
 Dist_cultural Dist. (100m) to closest cultural facility - GIS, 2006 
 Dist_social Dist. (100m) to closest social/public 
services 
- GIS, 2006 
 Dist_CBD Dist. (100m) to primary activity corridor - Derived from 
GIS, 2006 
Development intensity   
 Pct_park % of land dedicated to parks/green space Mixed/- GIS, 2004* 
 Pct_built % of land developed  
(excludes parks/green 
space/vacant/agriculture) 
+ GIS, 2004* 
Other measures   
 Pct_undesirable % of land in extractive, utility, or industrial 
uses  
Untested 
(hypothesized -) 
GIS, 2004* 
 Airport Dummy; 1=neighborhood abuts airport Untested 
(hypothesized -) 
Aerial imagery, 
2006 
 Steeps Dummy; 1=neighborhood includes steep 
slopes along city’s eastern edge 
Untested 
(hypothesized -) 
 
All variables measured at level of neighborhood, defined as 400m circle centered on census sector 
centroid. Distances are measured from the center of the neighborhood. 
*ground-truthed using aerial imagery (2006) 
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Results 
Descriptive statistics 
Descriptive statistics of vehicle ownership, by transit access 
Among higher-wealth households, vehicle ownership rates (the percentage of motorized 
households) decreased sharply in the trunk and control areas between the pre- and post-tests, and 
remained constant in the feeder area (Table 5). The overall decline in the rates of vehicle 
ownership in the trunk and control areas is unexpected. It may be due in part to an overall 
economic decline beginning in Colombia in the late 1990s (Alesina, 2005), or to the driving 
restrictions (pico y placa) enacted in Bogotá in 1998. It may also be reflecting the differences in 
survey methodology between the two years. 
Table 5. Percent of households with at least one vehicle 
  Control Area  Trunk Area  
(1200m buffer) 
 Feeder Area  
(1200m buffer) 
  1995  2005    1995  2005    1995  2005   
Lower wealth  23.47  20.75  **  28.04  26.12  *  15.72  19.32  *** 
Higher wealth  71.82  67.39  *  70.04  57.24  ***  69.02  64.04   
Significance (p-values) from chi-square tests of differences of proportions.  
*** p<0.01, ** p<0.05 
 
Descriptive statistics of household controls, by transit access 
Table 6 shows descriptive statistics for the household financial resources and mobility 
needs variables, broken down by wealth, year, and location with respect to the BRT service. In all 
three areas, post-test households are smaller, older, and have fewer children than pre-test 
households, consistent with census data for the time period (Santana, 2009). In the trunk and 
control areas, post-test households also have more elderly members than pre-test households; the 
opposite is true in the feeder area. These changes in household size and age suggest reduced 
mobility needs, and may also help explain the lower levels of vehicle ownership in the trunk and 
control areas in the post-test, and the difference in changes in vehicle ownership in the trunk and 
control versus feeder areas. In all three areas, fewer post-test households are multigenerational. 
Multigenerationality was hypothesized to decrease mobility needs (versus households with 
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children but without aging adults), as the older generation may be available to help with child 
care and to run household errands on a less-strict travel time budget than younger, working 
adults. 
Table 6. Summary statistics of household characteristics 
  Control Area  Trunk Area (1200m buffer)  Feeder Area (1200m buffer) 
  1995
(n=2654) 
 2005
(n=2916) 
   1995
(n=3391) 
 2005
(n=3136) 
   1995
(n=4053) 
 2005
(n=4198) 
  
Lower-wealth 
households 
 Mean SD  Mean SD    Mean SD  Mean SD    Mean SD  Mean SD   
adults  3.15 1.27  2.62 1.08  ***  3.25 1.34  2.62 1.10  ***  3.02 1.24  2.59 1.06  *** 
women  1.63 1.88  1.41 0.76  ***  1.71 0.94  1.43 0.77  ***  1.57 0.82  1.41 0.74  *** 
children  1.55 1.25  0.82 0.94  ***  1.40 1.20  0.71 0.92  ***  1.72 1.27  0.88 0.97  *** 
young (%)  35.08   4.01   ***  32.32   2.49   ***  40.02   3.55   *** 
elderly (%)  2.49   4.29   ***  3.54   4.75   **  1.65   3.26   *** 
multigen (%)  7.42   5.93   **  10.17   5.84   ***  7.25   5.88   ** 
collgrad  0.19 0.39  0.23 0.42  ***  0.27 0.44  0.33 0.47  ***  0.13 0.34  0.19 0.39  *** 
hightech  0.52 0.50  0.57 0.49  ***  0.53 0.50  0.52 0.50    0.52 0.50  0.58 0.49  *** 
jobseek  0.20 0.30  0.06 0.16  ***  0.18 0.28  0.05 0.17  ***  0.24 0.34  0.06 0.16  *** 
lowwage  0.30 0.40  0.17 0.32  ***  0.24 0.37  0.13 0.29  ***  0.29 0.40  0.17 0.32  *** 
nowage (%)  0.04   4.36   ***  0.03   6.79   ***  0.10   3.98   *** 
female (%)   6.07   15.57   ***  7.17   17.92   ***  6.04   14.72   *** 
CBD_distance  6.36 3.51  6.90 3.82  ***  5.20 3.41  5.73 3.54  ***  8.40 4.49  8.71 4.08  *** 
  1995
(n=738) 
 2005
(n=696) 
   1995
(n=1128) 
 2005
(n=905) 
   1995
(n=297) 
 2005
(n=89) 
  
Higher-wealth 
households 
 Mean SD  Mean SD    Mean SD  Mean SD    Mean SD  Mean SD   
adults  3.59 1.35  2.58 1.05  ***  3.52 1.36  2.47 1.10  ***  3.33 1.24  2.54 0.98  *** 
women  1.93 1.02  1.46 0.80  ***  1.93 1.03  1.40 0.85  ***  1.83 0.93  1.34 0.78  *** 
children  1.04 1.09  0.52 0.78  ***  1.02 1.07  0.47 0.79  ***  1.43 1.11  0.78 0.94  *** 
young (%)  19.24   3.02   ***  21.10   2.43   ***  28.96   2.25   *** 
elderly (%)  4.74   7.04   **  4.17   7.62   ***  3.37   5.62    
multigen (%)  9.21   3.02   ***  10.28   4.20   ***  9.43   2.25   ** 
collgrad  0.74 0.44  0.78 0.41  *  0.75 0.43  0.77 0.42    0.73 0.44  0.76 0.43   
hightech  0.22 0.42  0.20 0.40    0.22 0.41  0.20 0.40    0.22 0.42  0.18 0.39   
jobseek  0.10 0.23  0.03 0.11  ***  0.11 0.23  0.03 0.12  ***  0.11 0.21  0.02 0.12  *** 
lowwage  0.19 0.33  0.14 0.31  ***  0.18 0.32  0.10 0.26  ***  0.12 0.26  0.13 0.30   
nowage (%)  0.00   9.48   ***  0.09   12.38   ***  0.00   11.24   *** 
female (%)   8.40   19.97   ***  7.71   21.88   ***  4.71   19.10   *** 
CBD_distance  5.08 2.42  5.40 2.96  **  3.00 2.96  3.12 2.98    9.30 1.21  9.96 0.86  *** 
Significance (p-values) from t-tests of differences in means between 1995 and 2005 (unequal variances 
assumed) and chi-square tests of differences of proportions. *** p<0.01, ** p<0.05 
 
Across areas, the number of college graduates per household increased very slightly; the 
number of householders with only a high school or technical school education decreased slightly 
in the trunk and feeder areas and increased slightly in the control area. The ratio of jobseekers to 
wage-earners and the percentage of wage-earners employed in low-wage jobs decreased, 
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suggesting an increase in earning potential, but that may be offset by substantial increases in the 
percentage of no-wage-earner households and female-headed households in all three areas. 
The changes in vehicle ownership rates among lower-wealth households mirror those of 
higher-wealth households, albeit at lower levels. Among lower-wealth households, vehicle 
ownership rates (the percentage of motorized households) increased slightly between the pre- and 
post-tests in the feeder area, and decreased in the trunk and control areas. The changes in mobility 
needs are also similar to the higher-wealth groups. In all three areas, post-test households are 
smaller, with fewer children and more elderly members, and less likely to include multiple 
generations.  
Support for inferences 
In order to measure the true, causal impact of receiving BRT access on a household’s 
odds of vehicle ownership, one would have to examine the same household under the conditions 
of having received BRT access and having not received BRT access. This means the household 
would have to be located both inside and outside the BRT service areas at the same time. Multiple 
regression works around this problem by allowing a comparable control group to serve as a 
contrast to households located in areas that received BRT service (the treatment group). However, 
the differences in household characteristics across service areas raise the question of whether the 
control group is in fact comparable enough to the treatment group. If the groups are not 
comparable (i.e., exchangeable), then any inferences about the impacts of having received BRT 
service will be biased (Oakes and Johnson, 2006). 
To examine whether the treatment and control groups are exchangeable, and therefore 
whether the data support the inferences from the regression models, I examined the standardized 
differences in household characteristics covariates adults, kids, women, jobseekratio, and 
pctlowwage, between treatment and control households (Table 6). Standardized difference is 
calculated as shown below 
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where           and          are the means of household characteristics covariates for the 
treatment (BRT-served) and control (not BRT-served) groups, respectively.              
  and 
           
  represent the standard deviations for the household characteristics covariates for the 
treatment and control groups.  
As suggested by D’Agostino (1998) and Oakes & Johnson (2006), standardized 
differences of less than ten percent indicate an acceptable level of exchangeability between 
groups. Most of the treatment vs. control differences in household characteristics covariates 
examined fall within this accepted range. The only exceptions (shown in bold in Table 7) are the 
pre-test and post-test differences in the number of children and the share of workers employed in 
low-wage professions between lower-wealth trunk-served households and lower-wealth control 
households, and the pre-test difference in the number of children between lower-wealth feeder-
served households and lower-wealth control households. In each of these cases, the percent 
difference is slightly greater than ten. The implications of these differences and what they mean 
for the validity of the regression results is discussed in Chapter 6. 
Table 7. Percent of difference, using standardized differences, between treatment and control 
groups for household characteristics covariates 
LOWER WEALTH 
 1995 (pre-test)  2005 (post-test) 
 trunk vs control feeder vs control  trunk vs control feeder vs control 
adults  5.709 -9.412  4.424 1.641 
children  -10.546 11.641  -10.198 3.582 
women  7.363 -7.045  4.687 1.469 
jobseek  -5.260 8.915  -1.206 1.789 
lowwage  -12.264 -2.024  -10.035 -1.070 
HIGHER WEALTH 
 1995 (pre-test)   2005 (post-test)  
 trunk vs control 
 
 trunk vs control 
 
adults  -8.894    -7.385 
 
children  -3.179    -6.998 
 
women  0.298    -6.021 
 
jobseek  6.380    8.950 
 
lowwage  3.090    -9.354 
 
 
Standardized difference = 100 ×
𝜒𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 − 𝜒𝑐𝑜𝑛𝑡𝑟𝑜𝑙
  𝑠
   𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
2  + 𝑠
   𝑐𝑜𝑛𝑡𝑟𝑜𝑙
2    
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Urban form 
Descriptive statistics for the urban form variables, broken down by location with respect 
to the BRT, are shown in Table 8. 
Factor analysis of urban form variables 
Because of the large number of urban form variables (thus the large number of potential 
urban form-transit access interaction terms), I use exploratory factor analysis to reduce my form 
data to its underlying dimensions. I performed the factor analysis on thirteen of the urban form 
variables using Stata 12.0. Two variables are excluded: density, because it is year-specific in my 
data, and ciclorruta access, because the ciclorruta was not present in the pre-test. Excluding these 
two variables from the factor analysis allows me to include them as time-varying attributes of 
urban form in further analysis. I also excluded airport adjacency and location along the steep 
slopes at the city’s eastern flank, as they have localized impacts, affecting only a small number of 
neighborhoods. 
I performed the factor analysis on the neighborhood-level data (n=454). Bartlett’s test of 
sphericity and the Kaiser-Meyer-Olkin measure of sampling adequacy both indicated that the 
correlation matrix of the variables was appropriate for factor analysis. Two factors were extracted 
with eigenvalues greater than 1.0; together they account for 89.4 percent of the variation in the 
urban form data. The factor loadings, using varimax (orthogonal) rotation, are shown in Table 8. 
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Table 8. Summary statistics for urban form measures 
   Control neighborhoods 
(N=132) 
 Trunk neighborhoods 
(N=221) 
 Feeder neighborhoods 
(N=172) 
 Variable name  Mean SD Min Max  Mean SD Min Max  Mean SD Min Max 
Density                 
 Density1998  224.8 128.9 12.49 549.62   222.41 117.56 22.77 680.87  327.62 156.17 9.53 1236.96 
 Density2005  224.3 108.3 23.89 478.18   226.72 126.51 19.36 724.38  357.86 160.12 22.45 1383.21 
Design                
 Local  21.0 8.3 0.68 42.05   22.57 5.96 0.00 41.27  25.40 9.02 0.51 44.03 
 Major  1.8 1.2 0.00 4.21   2.28 1.25 0.00 6.30  1.60 1.01 0.00 4.76 
 Ciclorruta  0.3 0.7 0.00 2.55   0.77 0.88 0.00 3.88  0.51 0.83 0.00 4.15 
Diversity                
 Schooldensity  8.8 6.9 0.00 30.67   12.57 9.39 0.00 49.74  12.76 7.45 0.00 34.77 
 Pctcomm  67.2 29.2 0.00 99.97   77.01 25.52 0.00 99.63  68.14 26.79 0.00 99.52 
Destination accessibility            
 Distshop  8.6 6.1 0.30 31.10   5.96 4.02 0.37 18.77  7.98 5.85 0.34 27.86 
 Disthealthcare  2.7 1.5 0.28 7.33   2.03 1.20 0.08 6.88  2.24 1.38 0.08 7.83 
 Distchurch  2.0 1.6 0.16 7.59   1.21 0.79 0.12 4.30  2.32 1.98 0.12 11.78 
 Distcultural  1.3 0.9 0.04 4.80   1.21 0.88 0.04 5.74  1.25 0.85 0.12 5.67 
 Distsocial  1.0 0.8 0.02 4.15   0.75 0.45 0.02 2.54  1.00 0.66 0.05 4.27 
 DistCBD  21.3 13.7 0.00 58.62   14.75 12.93 0.00 48.13  36.42 10.83 0.00 64.76 
Development intensity            
 Pctpark  9.1 10.3 0.00 76.24   8.02 9.27 0.00 56.82  12.56 13.91 0.00 69.65 
 Pctbuilt  84.0 16.8 8.40 99.97   89.39 11.40 39.42 99.97  79.83 18.43 0.49 99.83 
Other                
 Pctundesirable  8.1 19.7 0.00 99.39   3.51 12.66 0.00 93.93  4.96 13.21 0.00 99.47 
 Airport (%)  2.27%      0.00%     0.00%    
 Steeps (%)  7.58%      8.06%     2.33%    
61 neighborhoods have both trunk and feeder service. 
 
The variables that load on the first factor generally represent proximity to destinations 
and include positive loadings on major street density, commercial area, and built area, and 
negative loadings on CBD distance, distance to the closest major commercial center, social/public 
services, and place of worship, and park area. I interpret this factor as ‘proximity.’ 
The variables loading on the second factor represent diversity and accessibility of 
destinations, and include positive loadings on local street density, commercial area, and school 
facility density, and negative loadings on distance to the closest health care facility, cultural 
facility, and social/public services facility and the area of generally undesirable (extractive, 
utility, and industrial) land uses. I interpret this factor as ‘support for nonmotorized travel.’ 
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Table 9. Results of exploratory factor analysis 
  subjective factor interpretation 
Variable  Proximity  Support 
Local    0.7745 
Major  0.3989   
Pct_comm  0.4640  0.6692 
School_density    0.5580 
Dist_CBD  -0.6467   
Dist_shop  -0.3888   
Dist_health    -0.3622 
Dist_cultural    -0.4643 
Dist_social  -0.4081  -0.4084 
Dist_church  -0.6101   
Pct_park  -0.5626   
Pct_built  0.6977   
Pct_undesirable    -0.4812 
Eigenvalue  3.5218  1.1869 
Cronbach’s alpha  -0.7678  -0.6952 
Bartlett’s test of sphericity: Chi-square = 1953.762.  
KMO = 0.776 
Note: factor loadings for all variables > |0.3| 
 
Comparison of urban form characteristics by service area 
Table 10 compares mean z-scores of each urban form variable (measured at the 
neighborhood level) in the trunk versus feeder areas and the areas served by either trunk or feeder 
service versus non-BRT-served areas. The trunk and feeder service areas overlap in 61 
neighborhoods; for the purpose of this comparison, neighborhoods in these overlap areas are 
considered as having trunk access, but not feeder access. 
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Table 10. Z-scores of urban form attributes 
 Trunk 
(N=150) 
Feeder 
(N=111) 
Control 
(N=132) 
Factor_proximity 0.75 -0.87 -0.03 
Factor_support -0.07 0.24 -0.30 
Density 1998 -0.50 0.52 -0.16 
Density 2005 -0.57 0.670 -0.24 
Local -0.16 0.35 -0.24 
Major 0.50 -0.29 -0.17 
Ciclorruta 0.33 -0.11 -0.28 
School_density 0.09 0.10 -0.31 
Pct_comm 0.24 -0.25 -0.14 
Dist_shop
i 
0.27 -0.29 -0.20 
Dist_health
i 
0.22 0.01 -0.31 
Dist_church
i 
0.44 -0.59 -0.10 
Dist_cultural
i
  0.06 0.00 -0.06 
Dist_social
 i
 0.31 -0.25 -0.18 
Dist_CBD
i 
0.88 -1.07 0.10 
Pct_park
i 
0.28 -0.30 0.04 
Pct_built 0.41 -0.46 -0.06 
Pct_undesirable
i 
0.12 -0.03 -0.18 
i
these variables have been inverted, so that each variable’s 
expected contribution to non-car mobility is positive 
 
It does appear that the urban form in the older, more established neighborhoods served by 
the trunk system is more supportive of non-car mobility than in the more ad hoc, recently 
formalized neighborhoods of the feeder areas, but not across the board. The trunk area scores 
significantly higher on ciclorruta access, commercial land area, distance to major commercial 
centers, distances to places of worship, distance to the CBD, and the two measures of 
development intensity. The feeder area scores better on two items: population density and local 
street density, though the latter may be due to greater street widths in the trunk area necessary to 
accommodate the dedicated busways. The trunk area also scores higher on major street density, 
which, as previously discussed, could contribute to or detract from non-car mobility, depending 
upon whether major streets are considered an obstacle to or a conduit for non-car travel.  
In neighborhoods that are located within 400m of a trunk station and contain higher- 
wealth households, the measures proximity, support, and density exhibit limited variability. This 
suggests that the form*trunk_inner*year interactions will be highly collinear with both the form 
measures and with trunk_inner. Thus, for higher-wealth households, I test the main effects of 
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trunk access and urban form, but do not test for joint effects of urban form and trunk access on 
vehicle ownership. Ironically, this lack of variability may be exacerbated by the use of factor-
analytic variables. Recall that the two factors together account for 89.4 percent of the variation in 
the data, meaning that a full ten percent of the variation in urban form is lost from the analysis. 
Such a loss of information is an unavoidable shortcoming of the use of factor-analytic variables. 
Possible implications of the use of factor-analytic variables and of the collinearity between trunk 
access and urban form factors are discussed in the Discussion section of this chapter. 
Regression results 
Higher-wealth households  
Research question 1: BRT access 
The relationships between BRT access and motorization in the higher wealth group are 
shown in Table . As previously mentioned, higher-wealth households are under-represented in the 
feeder service area, especially in the post-test. In exploratory models, feeder access is not 
significantly related to motorization among higher-wealth households (results not shown), and 
thus feeder access among higher wealth access will not be considered further.  
Model 1.1 of Table 11 shows the relationships between location within the inner and 
outer trunk service area buffers and vehicle ownership. Households located in the inner service 
area (<400m from a trunk station) have lower odds of being motorized than both households in 
the outer service area (400-800m from a trunk station) and households without trunk service 
(beyond 800m from a trunk station). Furthermore, as distance from a trunk station increases 
(Model 1.2), the odds of motorization also increase, as shown by the large, positive coefficient on 
the interaction term trunk_dist*year in Model 1.2. The opposite sign on the coefficient on the 
squared term (trunk_dist2*year) indicates that the size of this distance effect is weaker at greater 
distances from a trunk station. This finding is consistent with the results from the buffer model, 
showing a strong negative relationship with vehicle ownership among households with inner ring 
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access to the trunk lines, but not farther away, in the outer service area (400m to 800m from a 
trunk station). 
The analysis of sensitivity to implementation phase indicated that the relationships 
between phase I trunk access and vehicle ownership were not significantly different from the 
relationships between phase II trunk access and vehicle ownership. However, in the phased 
regression buffer model, the interaction term year*phaseII_trunk_inner was not significant – in 
other words, the relationship between phase II trunk access and vehicle ownership was not 
significantly different than the relationship between no trunk access and vehicle ownership. This 
apparent contradiction is most likely an artifact of the small sample size of higher-wealth 
households: only 1.4 percent of post-test, higher-wealth households (n=24) first received inner 
ring trunk access in phase II. Rather than showing a lack of significant difference between phase I 
and phase II, the Wald tests showed a lack of sufficient degrees of freedom to detect a significant 
difference between phase I and II. The coefficients on year*phaseI_trunk_inner and 
year*phaseI_trunk_outer (in the phased model) were not substantively different from the 
coefficients on year*trunk_inner and year*trunk_outer (in the unphased [pooled] model), 
however, and the pooled model offered a better fit to the data than the phased model. Thus, I rely 
on the pooled models for the remainder of this analysis.  
To facilitate interpretation, I also present the predicted probabilities of vehicle ownership 
for a hypothetical representative household, as distance to the closest trunk station increases 
(Error! Reference source not found.). “Representative” is defined by using median values of 
the continuous control variables, setting the binary control variables (female and nowage) equal to 
zero, and setting stratum to its mode (4). The graph in Error! Reference source not found. 
shows proximity to a trunk station has a dampening effect on motorization in the post-test. 
Furthermore, the strength of this relationship weakens as distance from a trunk station increases, 
and begins to level off between 400m and 500. This result suggests that trunk access may well be 
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enabling higher-wealth, choice households to forgo or delay vehicle ownership, but only within a 
fairly narrow corridor. 
Table 11. Logistic regression results for BRT access models, higher-wealth households 
  Model 1.1 
(buffer model; 
all households) 
  Model 1.2 
(distance model; 
households <1200mfrom trunk) 
 
VARIABLES  Coef SE OR   Coef SE OR  
Year  -0.031 0.171 0.969   -3.128 0.915 0.044 *** 
Trunk_inner  -0.064 0.290 0.938       
Trunk_inner*year  -0.987 0.332 0.373 ***      
Trunk_outer  -0.038 0.171 0.963       
Trunk_outer*year  -0.058 0.230 0.944       
Trunk_dist       -0.275 0.219 0.760  
Trunk_dist*year       0.867 0.277 2.380 *** 
Trunk_dist2       0.020 0.016 1.020  
Trunk_dis2*year       -0.061 0.020 0.941 *** 
Constant  -1.857 0.315 0.156 ***  -1.285 0.781 0.277  
       
Observations  3,810   2,158  
Prob > chi2  0.000   0.000  
Log-likelihood  -2100.886   -1161.3791  
McFadden’s r2  0.143   0.168  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Adjusted for mobility needs, financial resources, and CBD distance.  
Distance models also adjusted for proximity to feeder 
 
 
Figure 10. Predicted probability of vehicle ownership: higher-wealth household 
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Research question 2: BRT access & urban form 
Table 12 shows adjusted associations between each of the urban form variables (density, 
ciclorruta access, and the factors proximity and support) and vehicle ownership, controlling for 
household mobility needs, financial resources, and socio-economic stratum and clustering at the 
neighborhood level. Only relationships significant at the .05 level are reported. The numbers in 
the columns represent the change in the log-odds of ownership given a one-unit change in the 
variable. 
Table 12. Adjusted associations between urban form and vehicle 
ownership; higher wealth 
Area N Density Ciclorruta Support Proximity 
Trunk + termini      
 Pre 1200   -0.322 -0.487 
 Post 958    -0.477 
Feeder only      
 Pre 296   -0.748 -0.747 
 Post 132   0.363 0.391 
Control      
 Pre 665     
 Post 559  -0.357 -0.527  
Note: only associations significant at p<0.05 shown.  
Associations adjusted for household mobility needs,  
financial resources, and socio-economic stratum. 
 
As is apparent in the table above, the relationships between the different measures of 
urban form and vehicle ownership vary by population segment, location, and year. Density is not 
related to ownership among higher-wealth households; nor is ciclorruta access, except in the post-
test in the control area, where it is negatively related to ownership. Support for non-car travel is 
negatively related to ownership in the pre-test in the trunk area and in the post-test in the control 
area. Proximity to destinations is negatively related to ownership in the trunk area in both years. 
Form*year model results: Table 13 shows the results of logistic regressions of urban form 
and urban form*year interactions on vehicle ownership (Models 2.1 and 2.2) among higher-
wealth households, controlling for household mobility needs and financial resources. In Model 
2.2, the sample is limited to households within 1.2 km of a trunk stop. Each of the form variables 
is interacted with the year dummy to allow for changes in the relationships between form and 
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ownership from the pre-test to the post-test. The ciclorruta*year interaction term is significant 
and negative, indicating that the implementation of the ciclorruta program is associated with a 
decrease in the odds of ownership for households in neighborhoods served by the ciclorruta. 
None of the interaction terms on the other form variables is significant among the full sample; 
when the sample population is limited to households within 1200m of a trunk station, none of the 
form*year interactions is significant. These results indicate that the relationships between urban 
form and vehicle ownership did not significantly change from 1995 to 2005.  
Table 13. Logistic regression results, BRT access & urban form, higher-wealth 
  Model 2.1 
(all households) 
  Model 2.2 
(households <1200m from trunk) 
 
VARIABLES  Coef SE OR   Coef SE OR  
Year   -0.499 (0.608) 0.607   0.143 (0.556) 1.154  
Proximity   -0.151 (0.141) 0.860   -0.151 (0.138) 0.860  
Proximity*year  0.121 (0.229) 1.128   -0.127 (0.181) 0.880  
Support   -0.155 (0.142) 0.856   -0.193 (0.177) 0.824  
Support*year  -0.114 (0.170) 0.893   0.044 (0.218) 1.045  
Density  -0.085 (0.128) 0.919   0.017 (0.146) 1.017  
Density*year  0.131 (0.165) 1.140   -0.063 (0.172) 0.938  
Ciclorruta  0.123 (0.090) 1.131   0.204 (0.092) 1.226 ** 
Ciclorruta*year  -0.204 (0.095) 0.816 **  -0.148 (0.112) 0.862  
Constant  -1.438 (0.519) 0.237 ***  -1.917 (0.591) 0.147 *** 
       
Obs  3,810   2,033  
Prob > chi2  0.000   0.000  
Log-likelihood  -2081.558   -1108.112  
McFadden’s R2  0.142   0.163  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Adjusted for mobility needs, financial resources, and CBD distance.  
Distance models also adjusted for proximity to feeder 
 
Full model (BRT access + urban form) results: Finally, Table 14 shows the results of the 
full model, incorporating main effects of both BRT access (using the buffer measures) and urban 
form on vehicle ownership. None of the coefficients on the urban form variables is significant at 
the 0.05 level. Interestingly, the coefficient on trunk access*year, significant in the access-only 
model (RQ1; Model 1.1), is no longer significant at the .05 level. While this may be an indication 
that form is “explaining away” some of the apparent effect of trunk access on ownership, none of 
the models offer statistical evidence of a relationship between urban form and vehicle ownership, 
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nor do they suggest the presence of a synergistic effect of urban form and trunk access on vehicle 
ownership among higher-wealth households. The results of the distance model (not shown) 
mirror those of the buffer model. 
Table 14. Full (un-interacted) model results, higher-wealth 
households 
  Model 3.1  
VARIABLES  Coef SE OR  
Year  -0.087 (0.166) 0.916  
Trunk_inner  -0.269 (0.323) 0.764  
Trunk_inner*year  -0.679 (0.357) 0.507  
Trunk_outer  -0.122 (0.164) 0.885  
Trunk_outer*year  0.126 (0.233) 1.134  
Proximity   -0.090 (0.102) 0.914  
Support  -0.150 (0.102) 0.861  
Density  -0.061 (0.087) 0.941  
Ciclorruta   0.147 (0.095) 1.158  
Ciclorruta*year  -0.178 (0.102) 0.837  
Constant  -1.471 (0.432) 0.230 *** 
    
Observations  3,810  
Prob > chi2  0.000  
Log-likelihood  -2073.814  
McFadden’s R2  0.145  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Adjusted for mobility needs, financial resources, and CBD distance.  
 
Lower-wealth households 
Research question 1: BRT access 
The relationships between location within either the inner or outer trunk or feeder service 
areas and vehicle ownership among lower-wealth households are shown in Model 4.1 of Table 
15. The relationships between distance to a trunk or feeder stop and vehicle ownership are shown 
in Models 4.2 and 4.3 in Table 15. Among the lower-wealth households, there is no statistical 
evidence that either access to the trunk service within 400m or 800m or walking distance to a 
trunk station is related to change in the likelihood of motorization after the BRT. Nor is there 
evidence from the phased model that the implementation phase of trunk access was significantly 
related to vehicle ownership. 
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On the other hand, the buffer models do suggest a strong and unexpected positive 
relationship between feeder service and motorization: controlling for mobility needs, financial 
resources, and distance to a CBD, having received feeder service within 400m and within 400-
800m is associated with an increase in the odds of being motorized, compared to households 
beyond the 800m feeder service area. Distance to a feeder stop is not significant. Implementation 
phase is also not significant. 
Table 15. Logistic regression results for BRT access models, lower-wealth households 
  Model 4.1 
(trunk & feeder access;  
all households) 
 Model 4.2 
(households <1200m  
from trunk) 
 Model 4.3 
(households <1200m  
from feeder) 
VARIABLES  Coef SE OR   Coef SE OR   Coef SE OR  
Year  -0.207 (0.062) 0.813 ***  -0.165 (0.590) 0.848   0.214 (0.206) 1.239  
Trunk_inner  -0.055 (0.117) 0.946            
Trunk_inner*year  -0.132 (0.200) 0.877            
Trunk_outer  -0.022 (0.082) 0.978            
Trunk_outer*year  -0.036 (0.115) 0.965            
Feeder_inner  -0.239 (0.081) 0.788 ***           
Feeder_inner*year  0.215 (0.091) 1.240 **           
Feeder_outer  -0.167 (0.089) 0.846            
Feeder_outer*year  0.330 (0.115) 1.390 ***           
Trunk_dist       -0.030 (0.100) 0.970       
Trunk_dist*year       0.021 (0.174) 1.022       
Trunk_dist2       0.004 (0.007) 1.003       
Trunk_dist2*year       -0.003 (0.012) 0.998       
Feeder_dist            0.131 (0.064) 1.140 ** 
Feeder_dist*year            -0.060 (0.091) 0.941  
Feeder_dist2            -0.010 (0.005) 0.991 ** 
Feeder_dist2*year            0.005 (0.007) 1.005  
Constant  -2.310 (0.112) 0.0992 ***  -2.456 (0.361) 0.086 ***  -2.834 (0.218) 0.059 *** 
          
Observations  20,348   7,315   12,361  
Prob > chi2  0.000   0.000   0.000  
Log-likelihood  -9519.622   -3831.926   -5539.654  
McFadden’s r2  0.109   0.095   0.098  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Adjusted for mobility needs, financial resources, CBD distance, and proximity to other BRT service type 
 
The predicted probability of vehicle ownership for a representative lower-wealth (stratum 
2) household in the post-test is highest in the outer-ring feeder area (probability=0.145 [CI 0.12-
0.17]). The probabilities of vehicle ownership in the inner-ring feeder area and the control area 
are virtually identical (inner ring probability=0.125 [CI 0.11-0.14]; control area probability=0.126 
[CI 0.11-0.14]). Along with the lack of significance of the distance terms in the distance model, 
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and the lack of significance with respect to implementation phase, the predicted probabilities 
suggest that some unobserved event concomitant and co-located with the introduction of feeder 
service, rather than the feeder service itself, influenced lower-wealth households to motorize. For 
example, paving and other improvements to the street network were necessary in many areas 
before the introduction of feeder service; these roadway improvements may have also increased 
the appeal of personal vehicle ownership. Likewise, reductions in congestion due to re-
organization and re-location of conventional transit operators outside of the feeder service areas 
may have improved the desirability of driving; conversely, it may have resulted in a lower level 
of transit service for households relying heavily on the conventional system. 
The correlation between feeder access and vehicle ownership among lower-wealth 
households may be better demonstrated graphically. The map in Figure 11 shows the change in 
neighborhood-scale vehicle ownership rates among lower-wealth households from before to after 
BRT implementation for all neighborhoods that contained both pre- and post-test observations. 
Neighborhoods shown in dark grey saw a greater-than-average increase in vehicle ownership 
rates, while neighborhoods in light grey saw a less-than-average increase or even a decrease in 
vehicle ownership rates. With very few exceptions, neighborhoods containing or adjacent to 
feeder stops showed above-average growth in vehicle ownership rates, while the vast majority of 
neighborhoods without feeder service showed average or below-average growth in vehicle 
ownership rates. 
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Figure 11. Change in vehicle ownership rates among lower-
wealth households from pre-test to post-test 
Research question 2: BRT access & urban form 
Table 16 shows adjusted associations between each of the urban form variables (density, 
ciclorruta access, and the factors proximity and support) and vehicle ownership, controlling for 
household mobility needs, financial resources, and socio-economic stratum and clustering at the 
neighborhood level. Only relationships significant at the .05 level are reported. The numbers in 
the columns represent the change in the log-odds of ownership given a one-unit change in the 
variable. 
Density is negatively related to ownership among lower-wealth households in the feeder 
and control areas. Ciclorruta access is negatively associated with ownership in the post-test in the 
control area (as expected) and positively associated with ownership in the post-test in the feeder 
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area (unexpected).
 
Support for non-car travel is negatively related to ownership in the control area 
in both pre- and post-tests, and negatively related to ownership in the feeder area in the post-test, 
but positively related to ownership in the feeder area in the pre-test. Contrary to what I found 
among higher-wealth households, proximity to destinations does not appear to be related to 
ownership in either year in any area. 
Table 16. Adjusted associations between urban form and vehicle 
ownership; lower wealth 
Area n Density Ciclorruta Support Proximity 
Trunk + termini      
 Pre 3860     
 Post 3455     
Feeder only      
 Pre 3881 -.043  .186  
 Post 4098 -.057 .092 -.163  
Control      
 Pre 2349 -.128  -.120  
 Post 2669 -.134 -.160 -.131  
Note: only associations significant at p<0.05 shown. 
Associations adjusted for household mobility needs,  
financial resources, and socio-economic stratum. 
 
Un-interacted model results: In Table 17,  Model 5.1 shows the relationships between 
trunk access and vehicle ownership and between feeder access and vehicle ownership for lower-
wealth households, controlling for urban form. As was the case in the access-only models, the 
odds of vehicle ownership are not significantly related to trunk access, but are positively related 
to feeder access in the outer ring. Of the form variables, support for nonmotorized travel and 
density are negatively related to the odds of vehicle ownership. None of the form*year interaction 
terms is significant, suggesting that the relationships between urban form and vehicle ownership 
did not change significantly from 1995 to 2005. 
Fully interacted model results: The fully interacted model (Table 17, Model 5.2) tells a 
very different story. Specifically, the coefficient on the outer-ring feeder*year interaction term 
becomes insignificant, and the size of the coefficient on the inner-ring feeder*year interaction 
becomes significant, and substantially larger than in the access-only model (Model 4.1, Table 14). 
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Furthermore, the coefficients on the interaction terms proximity* feeder_inner*year and 
support*feeder_inner*year are significant and negative. This model provides strong evidence that 
urban form is indeed influencing the relationship between feeder access and vehicle ownership 
among lower-wealth households. Urban form appears to be diminishing the positive impact of 
location within the feeder service areas on vehicle ownership. 
Also, while the coefficients on the trunk access terms remain insignificant, the 
coefficients on the interaction terms proximity*trunk_inner*year and density* trunk_inner*year 
are significant and negative. Thus, while trunk access on its own has no significant impact on 
vehicle ownership among lower-wealth households, when accompanied by supportive urban form 
(with respect to proximity to destinations and population density), location within 400m of a 
trunk station is associated with a substantial drop in the odds of vehicle ownership.
14
 
These findings strongly support the hypothesis that the relationship between BRT access 
– both trunk and feeder – and vehicle ownership is contingent upon the supportiveness of local 
urban form, and that access and form have a synergistic, negative influence on the odds of vehicle 
ownership among lower-wealth households. 
                                                     
14
 The feeder distance terms were not significant in the un-interacted base models. They remained 
insignificant in the fully interacted models, and none of the feeder_distance * form terms were 
significant in the fully interacted models (not shown). 
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Table 17. Logistic regression results, BRT access & urban form, lower wealth 
   Model 5.1.  
Uninteracted 
 Model 5.2.  
Interacted 
 
 VARIABLES  Coef SE OR   Coef SE OR  
Year  -0.311 (0.160) 0.733   -0.190 (0.062) 0.827 *** 
Trunk_inner  -0.076 (0.132) 0.927   -0.077 (0.128) 0.926  
Trunk_inner*year  -0.095 (0.218) 0.909   1.314 (0.762) 3.720  
Trunk_outer  -0.035 (0.086) 0.966   -0.038 (0.085) 0.962  
Trunk_outer*year  -0.003 (0.121) 0.997   -0.436 (0.403) 0.647  
Feeder_inner  -0.067 (0.088) 0.935   -0.085 (0.084) 0.918  
Feeder_inner*year  0.188 (0.105) 1.207   0.819 (0.314) 2.269 *** 
Feeder_outer  -0.090 (0.098) 0.914   -0.098 (0.094) 0.907  
Feeder_outer*year  0.246 (0.123) 1.279 **  0.082 (0.349) 1.086  
Proximity  0.062 (0.044) 1.064   0.069 (0.042) 1.071  
Proximity*year  -0.013 (0.062) 0.987       
Proximity*trunk_inner*year       -0.835 (0.354) 0.434 ** 
Proximity*trunk_outer*year       0.007 (0.129) 1.007  
Proximity*feeder_inner*year       -0.270 (0.128) 0.763 ** 
Proximity*feeder_outer*year       0.010 (0.111) 1.010  
Support  -0.103 (0.044) 0.902 **  -0.101 (0.036) 0.904 *** 
Support*year  -0.028 (0.059) 0.972       
Support*trunk_inner*year       0.114 (0.433) 1.120  
Support*trunk_outer*year       0.030 (0.120) 1.030  
Support*feeder_inner*year       -0.320 (0.127) 0.726 ** 
Support*feeder_outer*year       -0.092 (0.087) 0.912  
Density  -0.048 (0.023) 0.953 **  -0.033 (0.022) 0.968  
Density*year  0.036 (0.039) 1.037       
Density*trunk_inner*year       -0.395 (0.123) 0.674 *** 
Density*trunk_outer*year       0.135 (0.083) 1.145  
Density*feeder_inner*year       -0.053 (0.045) 0.948  
Density*feeder_outer*year       0.032 (0.086) 1.033  
Ciclorruta  0.028 (0.040) 1.029   0.032 (0.032) 1.032  
Ciclorruta*year  0.034 (0.045) 1.034       
Ciclorruta*trunk_inner*year       0.488 (0.351) 1.628  
Ciclorruta*trunk_outer*year       0.027 (0.079) 1.027  
Ciclorruta*feeder_inner*year       -0.042 (0.076) 0.959  
Ciclorruta*feeder_outer*year       0.073 (0.056) 1.076  
Constant  -2.245 (0.134) 0.106 ***  -2.307 (0.137) 0.100 *** 
       
Observations  20,312   20,312  
Prob > chi
2
  0.000   0.000  
Log-likelihood  -9489.553   -9479.840  
McFadden’s R
2 
 0.111   0.112  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Adjusted for mobility needs, financial resources, CBD distance. 
 
I turn again to predicted probabilities to illustrate this result. Figure 12a shows the 
predicted probability of vehicle ownership for a representative lower-wealth, post-test household, 
given different levels of feeder access, while the urban form measures proximity and support are 
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held constant at their global means. In Figure 12b, I show the predicted probability of vehicle 
ownership for the same household, as proximity and support vary from their tenth percentile 
scores (least proximal and least supportive, respectively) to their ninetieth percentile scores.  
 
Figure 12. Predicted probability of vehicle ownership; fully-interacted feeder 
access model for lower-wealth households 
 
As Figure 12a shows, in the inner ring (<400m) feeder service area, the predicted 
probability of vehicle ownership for a representative household (in a neighborhood with average 
levels of proximity and support) in the post-test is significantly higher than either the pre-test 
predicted probability in the same area, or the post-test probabilities at greater distances from the 
feeder service. This graph provides further support for the conclusion that, even after accounting 
for urban form, access to the feeder service within 400m is associated with a significant increase 
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in the likelihood of vehicle ownership, suggesting that either the feeder service itself or some 
correlate of proximity to the feeder service caused vehicle ownership rates to rise.   
When we allow urban form to vary across its range (as in Figure 12b), however, the 
influence of the interaction between urban form and feeder access changes the picture quite 
dramatically. In the inner ring feeder service area, the predicted probability of vehicle ownership 
drops sharply as urban form becomes more conducive to the use of transit and nonmotorized 
travel modes. Thus, whatever caused the increase in vehicle ownership in the inner ring feeder 
service area appears quite convincingly to be moderated by supportive urban form. In the outer 
ring (400-800m) feeder service area and in the control areas, the predicted probability of vehicle 
ownership remains stable across the range of urban forms.
15
  
Discussion 
Among higher-wealth households, access to the BRT trunk system is associated with a 
significant drop in the likelihood of vehicle ownership, compared to households without trunk 
access. The strength of that relationship declines with distance, and levels off between 400m and 
500m from a trunk stop. This finding suggests trunk access may well be enabling higher-wealth 
(choice) households to forgo or delay vehicle ownership within a fairly narrow corridor. The 
distance model lends support to the conclusion that the relationship between inner-ring trunk 
access and vehicle ownership in the first model is not simply an artifact of the more supportive 
urban form patterns present within 400m of the trunk lines. 
None of the urban form variables is associated with vehicle ownership in higher-wealth 
households. This may be an indication that urban form does not influence vehicle ownership 
decisions among higher-wealth households. The distance model lends support to the conclusion 
that the relationship between inner-ring trunk access and vehicle ownership in the first model is 
                                                     
15
 The predicted probability plot with respect to access to the trunk system, as the urban form 
measures proximity and density vary across their ranges, looks nearly identical to the feeder 
access plots in Figure 12. 
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not simply an artifact of the more supportive urban form patterns present within 400m of the 
trunk lines (with respect to support for nonmotorized mobility, proximity to destinations, and 
bikeway access). Alternatively, given the overall high levels of urban form (with respect to 
support for nonmotorized travel, proximity to destinations, and bikeway access) present in the 
trunk service areas, the lack of a relationship between urban form and vehicle ownership may be 
a sign that the trunk area urban form already meets a supportiveness threshold, above which any 
improvements in urban form will not yield further benefits for higher-wealth households. On the 
other hand, as mentioned previously, the reduction of the urban form data into factor-analytic 
measures may be masking some of the variability in urban form along the trunk corridors. This 
suggests the need for a follow-up study using the actual urban form variables, rather than the 
factor-analytic ones. 
Among lower-wealth households, the positive relationship between feeder access and 
vehicle ownership in the base model, combined with the lack of significance of distance to the 
closest feeder stop and a lack of sensitivity to implementation phase, suggests that some 
unobserved event concomitant and co-located with the introduction of the feeder service, rather 
than the feeder service itself, influenced lower-wealth households to motorize. For example, 
paving and other improvements to the street network were necessary in many areas before the 
introduction of feeder service; these roadway improvements may have increased the appeal of 
personal vehicle ownership. Similarly, a concurrent policy of providing or improving pedestrian 
infrastructure and other amenities in TransMilenio-served neighborhoods may have contributed to 
a heightened sense of well-being among lower-wealth households, which may in turn translate to 
greater psycho-social pressures to be motorized. Alternatively, reductions in congestion due to 
reorganization and relocation of conventional transit operators outside of the feeder service areas 
may have improved the desirability of driving and/or resulted in a lower level of transit service 
for households relying heavily on the conventional system. 
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This unexpected finding, particularly in contrast with the negative impact on vehicle 
ownership seen in the trunk area, may also be due in part to differences in the levels of service 
introduced by Transmilenio in the trunk versus feeder areas vis-à-vis the previous level of service 
provided by the conventional transit operators. Recall that prior to Transmilenio, transit service in 
the areas along what would become the trunk corridors was characterized by an oversupply of 
buses engaged in fierce competition for passengers, resulting in extreme congestion with average 
peak travel speeds of around ten kilometers per hour (Echeverry et al., 2005). Upon completion of 
Transmilenio’s first phase, average travel times for transit trips originating in the higher-wealth 
trunk area decreased by twelve minutes. In the feeder areas however, where competition and 
congestion had been present, but less extreme, average transit times actually increased by two 
minutes (Lleras, 2003). Thus, Transmilenio appears to have brought about improvements in travel 
times for wealthier households, for whom travel time is expected to be a key determinant of 
transit ridership, but not necessarily for poorer households. 
Regardless of the cause of the uptick in motorization in feeder-served areas, however, it 
appears to be overcome by supportive urban form, at least for households located within 400m of 
a feeder stop. Inner ring access to the feeder service, when supported by good proximity to 
destinations and support for nonmotorized accessibility, results in a decrease in the likelihood of 
vehicle ownership, beyond what would be expected from supportive urban form in areas without 
feeder service.  Furthermore, while trunk access appeared to be irrelevant to vehicle ownership 
decisions for lower-wealth households in the first analysis, there is strong evidence that, like for 
the feeder service, when trunk service is supported through urban form, it is associated with a 
decrease in vehicle ownership among lower-wealth households located within 400m of a trunk 
stop. 
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Conclusions 
Within a narrow corridor, access to the BRT trunk service is associated with a strong 
decrease in the odds of vehicle ownership for higher-wealth households, irrespective of urban 
form. The strength of this relationship weakens with distance, and beyond 500m, trunk access 
does not appear to influence vehicle ownership. Lower-wealth households do not have the same 
relationship between BRT access and vehicle ownership, for access to either the trunk or the 
feeder system, unless that access is accompanied by supportive urban form. 
Thus, while BRT access appears to be an important factor in vehicle ownership decisions 
for higher-wealth households, it is only relevant for lower-wealth households when supported 
through urban form. This finding suggests the reorganization of Bogotá’s conventional transit 
network into the BRT resulted in an improvement in travel conditions – thereby lessening the 
need for vehicle ownership – for higher-wealth households, but a decrease in service levels for 
lower-wealth households. However, that loss can be overcome with urban forms supportive of 
nonmotorized modes, which may be more important for lower-wealth households, as they tend to 
have less flexible travel patterns, are less likely to have travel patterns that align well with the 
BRT system, and likely rely more on nonmotorized modes than the higher-wealth households.   
These findings highlight the importance of using disaggregate data and incorporating 
environmental factors into vehicle ownership analyses. While my results do show strong links 
between financial resources and vehicle ownership, environmental factors such as urban form and 
transit access also exert a significant influence on vehicle ownership. Furthermore, my results 
show that urban form and transit access are not simply independent components of households’ 
mobility options; rather they work together to influence a households’ odds of vehicle ownership. 
Neglecting these interactions may lead to inconsistent or misleading results, not just in vehicle 
ownership studies, but in travel behavior research in general. 
 
CHAPTER 5. MOBILITY OF LOW-INCOME, TRANSIT-CAPTIVE 
HOUSEHOLDS 
In the previous chapter, I found that, except under conditions of supportive urban form, 
BRT investment appears to have led to an increase in vehicle ownership pressures among lower-
wealth households. Where the urban form supports transit and nonmotorized travel, BRT access 
is linked to a drop in vehicle ownership.  
While vehicle ownership is a readily available and convenient outcome, it also represents 
a lumpy response to an accumulation of unmet mobility needs. Thus, it may not be a precise 
indication of how well transit investment is working to improve non-car mobility and lessen 
vehicle ownership pressures, particularly among lower-wealth households, for whom a vehicle 
ownership decision hinges not just on need and desire, but on ability to pay. Car-less households 
may well have unmet mobility needs, but not be in a position to improve their mobility through 
vehicle ownership yet. If those households are unable to meet their daily mobility needs via 
transit and nonmotorized modes, they may well be on their way to a vehicle purchase down the 
road. 
The objective of this analysis is to determine whether BRT access and supportive urban 
form afford low-wealth, car-less households significantly improved mobility, compared to 
households without BRT access and/or supportive urban form. Examining the mobility patterns 
of lower wealth, car-less households may also help us better understand the unexpected nature of 
the relationship between BRT access – particularly feeder access – and vehicle ownership among 
lower-wealth households, why it exists, and how to leverage it to improve BRT’s ability to reduce 
motorization pressures.  
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The conceptual approach for this chapter is as follows: a household that meets its 
mobility needs through transit and nonmotorized modes is less likely to motorize in the near 
future than a household that is unable to meet its mobility needs through transit and nonmotorized 
modes. Thus, transit investment that increases the ability of households to meet their mobility 
needs through transit, coupled with urban forms that increase the ability of households to meet 
their mobility needs through nonmotorized travel and by improving access to transit should help 
forestall motorization.  
This chapter is organized as follows. Below, I explain my decision to focus this analysis 
on mobility patterns of Bogotá’s lower wealth, car-less households. In the next section, I discuss 
the theoretical framework that guides this analysis, in particular the choice of measures I use to 
determine the extent to which households’ travel patterns align with their mobility needs. Next I 
describe my analytical approach, including my research questions and the design and statistical 
techniques I use to address those questions. Then I present my results, followed by a discussion of 
the implications of my findings for practice and for further research. 
Explaining the focus on lower wealth, transit-captive households 
The positive impacts of TransMilenio, including high ridership, reduced congestion, and 
improved air quality, have been well-documented. However, as I found in the previous chapter, 
motor vehicle ownership rates increased for lower-wealth households after receiving access to the 
BRT feeder service. Did TransMilenio and its concurrent investments in neighborhood 
development spawn perceptions of increased wealth among feeder-area residents, boosting 
psychosocial pressures to motorize? Or did Bogotá’s transit restructuring result in diminished 
accessibility for lower-wealth households, increasing mobility-driven motorization pressures and 
pushing feeder-served households to transition into vehicle ownership more rapidly than un-
served households? Either way, measuring the impacts of transit investment on the mobility and 
accessibility of captive riders is critical to understanding the equity implications of transit 
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investment, not just in the context of Bogotá, but for cities around the world contemplating 
massive investment in rapid transit. 
Equity implications of transit investment 
The notion of accessibility – the ability of individuals to access opportunities such as  
employment, education, health care, shopping, social activities, etc. – as an important component 
of transportation systems was advanced in the 1950s. Accessibility’s role in transport 
disadvantage and social exclusion was articulated in the 1970s and re-emphasized in the context 
of social equity in the 1990s (Sen, 1999; Stanley et al., 2011; Jaramillo et al., 2012). Low-
resource households are particularly likely to have limited access to opportunities due to 
mismatches between residential locations and the locations of employment opportunities, land use 
patterns that often fail to provide opportunities for fulfilling maintenance and leisure activities 
within walking distance of home, mismatches between travel needs and available transit service, 
and high costs of transit and motorized travel (Giuliano, 2005; Srinivasan and Rogers, 2005). 
Consequences of poor accessibility among low-income households have been well documented 
around the world, including diminished access to educational and employment opportunities, 
health care, and social networks (Lucas, 2012), and lower overall quality of life (Stanley et al., 
2011). 
The majority of travel behavior literature follows the assumption that the demand for 
travel is derived from the need to participate in a variety of activities.
16
 Research on travel time 
budgets suggests that travelers around the world adjust their situation – through residential 
location, destination choices, and travel behavior – in order to meet that demand with about an 
hour of travel, at a cost of around 7 to 9 percent of income (Zahavi, 1974; Bocarejo and Oviedo, 
                                                     
16
 A competing school of thought argues that, in some cases, individuals travel for the sake of 
moving around, and that activities are often crafted to justify travel (e.g., Mokhtarian and 
Salomon, 2001). In a resource-constrained population such as the one under investigation, I argue 
that travel demand not derived from demand for activity participation is likely to be negligible. 
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2012). However, recent studies in Bogotá show that low-income transit-captive households far 
exceed expected time and money expenditures on travel (spending 18 to 20 percent of their 
income on travel expenses), and complete less than 1.5 trips per capita, significantly fewer than 
higher-wealth households (Muñoz-Raskin, 2010; Bocarejo and Oviedo, 2012). Similar trip 
generation rates have been found among low wealth households in Medellín (1.41 trips per capita 
among households in strata 1 through 3; Bocarejo, 2012) and among favela residents in Rio de 
Janeiro (1.72 trips per capita; Koch, 2012). Because they do tend to travel so little, lower-income 
households place higher value on additional travel than do higher-wealth households: Stanley and 
colleagues (2011) found that willingness to pay for an additional trip was negatively correlated 
with income, and that low-income travelers were willing to pay significantly more, in absolute 
terms, than higher-income travelers, to complete one additional trip. 
The combination of limited access to opportunities and higher costs of mobility mean 
lower-wealth households are likely to feel greater pressure to motorize than higher-wealth 
households, even though they can less afford the expense of vehicle ownership. And when lower-
wealth households do transition into vehicle ownership, they are forced to make trade-offs, 
spending less on maintenance and leisure travel, services, healthcare, education, and consumer 
goods (Giuliano, 2005). Alleviation of the inequitable mobility burden of lower-wealth 
households is often given as a reason for transit investment (Sanchez et al., 2004; Giuliano, 2005; 
Jaramillo et al., 2012). However, transit investments are often seen as having the twin objectives 
of (a) reducing congestion (and its concomitant costs) by luring higher-wealth, choice riders, and 
(b) enhancing social equity by improving access and affordability for lower-wealth, captive riders 
(Giuliano, 2005). These objectives often work at cross-purposes, as the speed and convenience 
needed to entice higher-wealth travelers to use transit mean reduced ridership by low-wealth 
travelers, who either do not realize improvements in travel time due to a mismatch between their 
travel needs and the new transit routes, or cannot afford the increased fares that nearly always 
come with higher-quality service (Giuliano, 2005; Srinivasan & Rogers 2005).  This conflict is 
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particularly troublesome in developing cities, where private provision of public transport is 
commonplace, and farebox revenues are expected to cover operating and sometimes even capital 
costs (Bocarejo and Oviedo, 2012). Nonetheless, planners and policymakers in many developing 
cities, especially in Latin America (including Bogotá), list improved equity as a fundamental goal 
of and rationale for public transit investment (Muñoz-Raskin, 2010; Bocarejo and Oviedo, 2012; 
Jaramillo et al., 2012).  
Methodological constraints 
Finally, restricting the scope of this analysis to lower-wealth, car-less households allows 
us to focus more on TransMilenio’s impacts on a very specific population, and less on complex 
techniques necessary to use a more inclusive, generalizable model. Narrowing the scope does 
reduce generalizability, but I argue that the benefits from this approach outweigh the costs.  
In travel behavior literature, a common way to conceptualize the causal relationship 
between the built environment and travel behavior is shown in Figure 13. In particular, household 
and neighborhood attributes are expected to influence travel outcomes both directly and 
indirectly, through their impacts on vehicle ownership. Several recent studies in the U.S. have 
followed this conceptual approach; providing strong evidence that neighborhood attributes 
directly influences both travel behavior and vehicle ownership, and that vehicle ownership 
mediates the relationship between neighborhood attributes and travel behavior (for example, 
Sehatzadeh et al., 2011; Van Acker and Witlox, 2011; Shay and Khattak, 2012). 
 
Figure 13. Common conceptualization of the built environment/ 
travel behavior relationship 
Household attributes Vehicle ownership 
Travel behavior 
Neighborhood attributes  
(incl. built environment) 
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In saturated vehicle ownership contexts, we often assume that households have chosen 
the level of vehicle ownership that best suits their mobility needs. If this is the case, then the 
conceptual model above is appropriate and the joint vehicle ownership-travel behavior decision 
can be modeled using relatively straightforward techniques, such as joint discrete choice models 
(e.g., Salon, 2009).  
But why would the built environment have a direct impact on vehicle ownership? I argue 
that, at least in low-vehicle ownership contexts, the built environment influences vehicle 
ownership via its impact on non-car mobility (the degree to which a household can and wants to 
meet its mobility needs without using a vehicle). This impact on mobility we can estimate by 
measuring actual travel, in particular, by measuring the degree to which a household fulfills its 
daily mobility needs without using a car (and assuming that more travel means more mobility 
needs fulfilled). Following this argument, I believe an improved conceptual model (at least in low 
vehicle ownership contexts) should instead be as shown in Figure 14. 
 
Figure 14. Modified conceptualization of the built environment/ 
vehicle ownership/travel behavior relationship 
The built environment determines (in part) the supply of non-car mobility (or the degree 
to which a household can meet its mobility needs without using a car). Non-car mobility options 
in turn determine (in part) actual non-car travel behavior; if actual non-car travel behavior does 
not fulfill travel needs, the household will opt for a higher level of vehicle ownership (assuming it 
can afford to do so). Meanwhile, the level of vehicle ownership influences travel behavior. In 
other words, vehicle ownership and travel behavior decisions are made jointly, and it is that joint 
decision that is influenced by the built environment.  
Neighborhood attributes  
(incl. built environment) 
Travel behavior 
Vehicle ownership Household attributes 
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In wealthy settings, the assumption that households adjust their vehicle ownership levels 
to align with their mobility needs is somewhat defensible. In low-wealth contexts, in contrast, 
households are not able to adjust their vehicle ownership status as fluidly as they are in high-
wealth contexts such as the U.S. Furthermore, the decision facing such households is typically not 
that of choosing how many vehicles to own, but rather whether to own a vehicle at all. As pointed 
out by Arasan et al. (1998) and Srinivasan et al. (2007, 2009), motorized households process their 
travel behavior decisions in a fundamentally different fashion than nonmotorized households. 
However, modeling such a relationship with multiple decision-making processes would add an 
intractable level of complexity to my already-complex models. An alternative approach is to 
constrain vehicle ownership to zero (excluding households with at least one vehicle). While in a 
highly motorized context, this would eliminate a majority of observations, it only eliminates 22 
percent of the present sample in each year. 
Restricting the sample in this manner is not ideal, in that I am not capturing the 
households that, theoretically, were so unsatisfied with their non-car mobility options that they 
took the leap to vehicle ownership. The consequence of this restriction is that my results will 
under-estimate the influence of the neighborhood on travel. 
Slowing motorization 
Finally, if motorization is influenced by actual or perceived mobility needs, then key to 
slowing the rise in motorization is improving the chances that nonmotorized households can 
remain motorized. As discussed in Chapter 1 of this dissertation, vehicle ownership tends to lead 
households into a habit of vehicle use; once a household becomes habituated to driving, 
alternative modes rarely enter the household’s mode-choice decision framework. Thus, 
interventions intended to improve alternatives to driving for vehicle-owning households often go 
unnoticed. While there has been some evidence in the literature that households will shed cars 
under certain circumstances, the process of acquiring a vehicle appears to be a one-way street. If 
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BRT investment is to be a an effective tool for slowing the rise in motorization and its 
consequences, then the extent to which it provides improved mobility for nonmotorized 
households will be a key determinant of BRT’s success. 
Theoretical framework 
Review of the literature 
As I discussed in Chapter 3, travel behavior research is driven by a variety of objectives, 
has taken place across a range of contexts, and has produced widely inconsistent results. In this 
chapter, I focus on my analysis on observed mobility patterns of lower-wealth, transit-captive 
(car-less) households. However, as with vehicle ownership, empirical research on the 
travel/environment relationship in developing contexts is limited. Most of the existing research 
focuses on aggregate travel outcomes and, like with the vehicle ownership literature, tends to rely 
on one or a few measures of built form. For example, Lin & Shin (2008) found that subway 
ridership in Taipei, Taiwan was greater at station areas with greater floor-area-ratios, but was not 
related to density or land use diversity and was negatively related to connectivity. In contrast, 
Sung & Oh (2011) found positive associations between subway ridership and density, land use 
diversity, and connectivity in Seoul. Estupiñán & Rodríguez (2008) used factor analysis to 
evaluate associations between more finely grained measures of urban form and BRT boardings in 
Bogotá. Factors representing the presence of walking supports and deterrents to car use 
(incorporating measures of density and land use diversity) were positively related to boardings, 
while a factor representing street network connectivity was not significant. Using similar urban 
form data but focusing on nonmotorized trip generation, Rodríguez et al (2009) found that land 
use diversity and factors representing connectivity and pedestrian friendliness were positively, but 
weakly, associated with pedestrian activity. 
At the disaggregate level, Zegras (2004) found that individuals in Santiago, Chile made 
more walking trips for non-work purposes when they lived in neighborhoods with a greater 
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proportion of land area dedicated to commercial and service uses, and fewer non-work walking 
trips in neighborhoods with large vacant areas. In Chennai, India, Srinivasan & Rogers (2005) 
examined relationships among regional accessibility and travel patterns, finding that residents of 
a downtown neighborhood made more total trips, more nonmotorized trips, and fewer transit trips 
than residents of a peripheral neighborhood. Zacharias (2005) and Pan et al. (2009) both found 
greater rates of walking among Shanghai travelers surveyed at major destinations when the 
travelers lived in a more ‘walkable’ neighborhood, compared to travelers from three less walkable 
neighborhoods. Zacharias, (2005) also measured block-level attributes within the 
neighborhoods:  road density, road length, transit density (number of bus stops divided by land 
area), and block depth (most closely related to street network design, block depth was a measure 
of the mean street network distance between randomly selected points in a block and the 
perimeter of the block). Block depth was negatively correlated with the likelihood of having used 
nonmotorized modes; none of the other measures was significant.  
In the U.S., studies of relationships between travel behavior – particularly transit and 
nonmotorized travel – and the built environment tend to use a wider range of and more consistent 
measures of the environment; findings have been somewhat more consistent as well (Ewing and 
Cervero, 2010). Individual and household level studies have found positive associations between 
density and walking trip frequency (Targa and Clifton, 2005; Joh et al., 2008), transit trip 
frequency (Chatman, 2009), the odds of walking for non-work travel (Greenwald, 2006; Frank et 
al., 2008), and the odds of walking and/or using transit for work trips (Zhang, 2004; Frank et al., 
2008).  
Land use diversity is consistently positively related to walking trip frequency (Targa and 
Clifton, 2005; Cao et al., 2009), the odds of using transit and nonmotorized modes for non-work 
trips (Cervero and Duncan, 2003; Rajamani et al., 2003; Zhang, 2004; Greenwald, 2006; Frank et 
al., 2008) and for work trips (Frank et al., 2008). Connectivity has been positively associated with 
walking trip frequency (Targa and Clifton, 2005; Chatman, 2009) and the likelihood of walking 
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and using transit for work and non-work travel (Greenwald, 2006; Frank et al., 2008); one study 
(Rajamani et al., 2003), however, found a negative relationship between connectivity and walking 
for non-work trips. Increasing transit access (measured in terms of station proximity and station 
density) is associated with increased walking trip frequencies (Targa and Clifton, 2005) and 
increased likelihood of using transit for non-work travel (Greenwald, 2006).  
Measuring mobility 
The findings to date shed important light on the ways the built environment can influence 
actual travel patterns. However, especially in a low-wealth, resource-constrained population, the 
existing literature does not examine the degree to which the travel needs of car-less households 
are being met by the built environments in which they live (McCray and Brais, 2007; Bocarejo 
and Oviedo, 2012; Jaramillo et al., 2012). What does an individual’s decision to walk to work, for 
example, tell us about the extent to which that individual’s neighborhood provides for non-car 
mobility? If that commute takes over an hour by foot, perhaps it tells us that, until the individual 
buys a car, walking is not a choice, but a last resort. Some measures work in different directions 
depending on the outcome of interest or on the population in question. For example, more 
distance traveled by nonmotorized modes may simultaneously indicate better health outcomes 
(because of increased physical activity) and greater risk of injury or illness (because of increased 
exposure to vehicular traffic and traffic-related pollution). More travel, measured in terms of 
travel time or distance, may suggest poor accessibility to destinations, while less travel may mean 
trips were shortened or forgone due to limited mobility.
17
 One of the main challenges of this 
analysis is to develop readily available measures of travel that are clear and consistent indicators 
of mobility. Based on the literature and theoretical framework described above, I propose three 
                                                     
17
 Recent focus group work in Bogotá confirms the existence of a gap between households’ actual 
travel patterns and desired travel patterns, at least with respect to time and monetary costs of 
commuting: on average, residents of the city’s most impoverished neighborhoods spend 40 
percent more time and 38 percent more money on traveling to and from work than they would 
like to spend (Bocarejo and Oviedo, 2012). 
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potential indicators of mobility: tour frequency, non-car travel purpose diversity, and vehicle 
independence. 
Tour frequency 
 A tour is a set of trips that begin at a particular location, include one or more stops to 
participate in some sort of activity, and end back at the same location (Ortúzar and Willumsen, 
2011). Tour frequency is the number of tours completed by household members during the survey 
day. While trip frequency has received more attention in the literature, tours more accurately 
reflect travelers’ decision-making processes than trips (Krizek, 2003b and Frank et al., 2008), and 
have been shown to offer better model fit than trips in travel modeling research (Chao and Ducca, 
2012). Theoretically, tour frequency should be positively related to the ease of travel. Citing a 
threshold hypothesis put forth by Adler and Ben-Akiva (1979), Krizek (2003b) writes: 
“…unfulfilled household activities accumulate until some critical threshold is reached. At this 
threshold, a tour is scheduled to complete some or all of the activities.” He goes on to explain that 
as the ease of travel increases through increased density, diversity, and connectivity, the critical 
threshold is reached sooner, at lower levels of accumulation of travel need. Thus, in 
neighborhoods with greater accessibility, we would expect to see more (and, by corollary, 
simpler) tours.  
Despite the theoretical connection, only a handful of empirical studies have explicitly 
examined relationships between tour frequency and the built environment, with mixed results. In 
the Puget Sound region, Krizek (2003a) found that tour frequency was positively related to 
neighborhood accessibility, a measure incorporating population density, land use diversity, and 
street connectivity. Likewise, Frank et al. (2008) found positive associations between tour 
frequency and land use diversity and connectivity. However, Limanond and Niemeier (2004) 
failed to find significant connections between a range of built environment measures and 
frequency of shopping tours. Using 2001 NHTS data, Noland and Thomas (2007) found no 
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associations between tour frequency and density, but did find that tour complexity, which is 
commonly inversely related to tour frequency, decreased with increasing densities. 
Purpose diversity 
Non-car purpose diversity refers to the number of travel purposes/activity needs 
household members fulfill without relying on a car or taxi. Travel purposes are often classified 
into three categories: subsistence (i.e., work and school), maintenance (e.g., non-discretionary 
shopping, errands), and leisure/discretionary (e.g., recreation, socializing) (Cervero and 
Kockelman, 1997; Krizek, 2003b). Travel purpose has often been examined in travel behavior 
literature in combination with other measures such as trip generation (the number of trips or tours 
generated for a specific purpose, e.g., the number of shopping trips made by a household) or 
mode choice (e.g., the odds a commuter uses a particular travel mode for the journey to work). 
But to understand the factors driving households to purchase a vehicle, I argue that a more 
informative measure may be the diversity of travel purposes car-less households can fulfill 
without using a car or taxi (in other words, without temporarily altering their car-availability 
status). For example, if a household is able to meet its subsistence travel needs and its 
maintenance travel needs without using a car or taxi, it may be experiencing lower pressures to 
motorize than a household that is only using non-car modes to engage in subsistence travel. 
Assume that, controlling for household attributes such as composition, structure, and financial 
resources, different households have similar demand to fulfill each of these travel purposes. A 
household whose members fulfill all three travel purposes via non-car modes will have (or will 
perceive) more mobility (and feel less pressure to enhance their mobility through motorization) 
than a household whose members only fulfill one or two travel purposes via non-car modes. 
Vehicle independence 
Finally, vehicle independence refers households’ ability to complete their travel without 
using a car (borrowed, rented, or taxi). Whether a car-less household completes its daily travel 
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without using a car or taxi may be an indication of the vehicle ownership pressures facing that 
household. Using a car to fulfill any household travel need represents a change in the household’s 
vehicle availability status, even if just temporarily. Such temporary changes may eventually lead 
to a permanent change (i.e., acquiring a private vehicle). Thus, I examine whether or not a 
household depends on a personal vehicle (perhaps either borrowed or rented) or taxi for any of 
their travel on the survey day. 
Conceptual approach 
Based on the theoretical relationships described above, I hypothesize that lower-wealth, 
transit-captive households located in neighborhoods with access to the BRT and with urban forms 
that support transit and nonmotorized modes will make more total, non-car, and discretionary 
tours, will fulfill a greater variety of travel purposes by non-car modes, and will be less likely to 
use a car (or taxi) for any purpose than households without BRT access and with less supportive 
urban forms, relative to households in the same area but before BRT was implemented. Like in 
the vehicle ownership analysis (Chapter 4), I use socio-demographic data to control for 
households’ financial resources and travel needs. The relationships tested in this analysis are 
shown as solid black lines in Figure 15. The gray lines represent relationships thought to also 
influence travel behavior, but are not tested in this analysis. Limitations of excluding these 
relationships are introduced at the end of this chapter. Chapter 6 provides a more comprehensive 
and detailed discussion of the limitations and their implications for the validity of my findings for 
both the vehicle ownership and mobility analyses. 
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Figure 15. Conceptual approach, Analysis II 
Data 
I test my hypothesis using the same difference-in-differences research design as in the 
vehicle ownership analysis, and the interpretations of the coefficients on the relevant explanatory 
variables are similar to the vehicle ownership analysis. I use the same data source for this analysis 
as well, though the sample size is smaller as I focus on lower-wealth households that do not own 
or have daily access to a motor vehicle.  
Variables 
Outcomes  
As previously discussed, I measure three dimensions of travel, all at the household level: 
tour frequency, travel purpose diversity, and vehicle independence. The variables used to measure 
each of these dimensions, their hypothesized relationship with BRT access and urban form, and 
the modeling approaches used to analyze them, are described below. 
City-wide factors 
Travel outcomes 
Neighborhood factors 
Household factors 
Vehicle ownership 
(constrained to zero)  
Travel patterns  
(tour frequency, 
travel purpose 
diversity, & vehicle 
independence 
Residential location 
preferences 
Vehicle ownership 
preferences 
Supply of non-car 
mobility alternatives 
(BRT access, 
Urban form, 
BRT*form 
interactions) 
Policies  
Economic attributes  
Culture/programs  
Housing demand & 
supply 
Travel behavior 
preferences 
Desired travel 
behavior 
Financial resources  
(education & 
employment) 
Mobility needs 
(household composition 
&  structure) 
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I measure total tour frequency (total) as the sum of all tours completed by household 
members over the age of 16 on the survey day. I also measure total non-car tours (noncar, the 
number of tours completed by household members over the age of sixteen that do not involve a 
private car or taxi for any leg) and discretionary (discretionary, the number of non-work/non-
school completed by household members over the age of 16 on the survey day) tours. Following 
the expectation that tour frequency, non-car tour frequency, and discretionary tour frequency all 
increase as barriers to travel and distances to destinations decrease (e.g., Krizek, 2003c), I 
hypothesize that households with BRT access and more supportive urban form complete more 
total tours, more non-car tours, and more discretionary tours than households without BRT access 
and/or without supportive urban form, controlling for pre-test tour frequencies and for household 
size, mobility needs, and financial resources.  
Non-car travel purpose diversity (diversity) is the number of travel purposes (subsistence, 
maintenance, and leisure) fulfilled by household members on the survey day without reliance on 
cars or taxis. I limit the sample to households that traveled on the survey day. As previously 
discussed, if BRT access is to influence vehicle ownership, it will do so by enabling households 
to meet their mobility needs via transit. And if supportive urban form is to influence vehicle 
ownership, it will likely do so to the extent that it enables households to fulfill more travel needs 
by transit and nonmotorized modes. Thus, I hypothesize that households with BRT access and 
more supportive urban form fulfill a greater diversity of travel purposes using transit and 
nonmotorized modes than households without BRT access and/or without supportive urban form.  
Vehicle independence (independent) is a dummy variable representing whether 
household members relied on a car or taxi to fulfill any of their travel needs on the survey day. 
Vehicle-independent households (independent=1) completed all their travel on the survey day by 
transit and/or nonmotorized travel modes. The sample is limited to households that traveled on 
the survey day. I hypothesize that, among households that traveled on the survey day, those with 
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BRT access and supportive urban form are less likely to travel by personal or hired vehicle than 
households without BRT access and/or without supportive urban form.  
Explanatory variables: BRT access and urban form 
Like in the vehicle ownership analysis, I use network buffers (following surface streets 
and bicycle paths), to measure BRT access. The buffers are explained on page 71 and reviewed in 
Table 18Table , below.
18
 I also use the same measures of urban form (density, ciclorruta access, 
proximity to destinations, and support for nonmotorized travel; see pages 72-75 for detail on 
measurement of urban form).  
Table 18. BRT access buffer definitions 
A household has… …if at least half of the residential land area of  
its neighborhood is located within… 
inner-ring feeder access 0-400m of a feeder stop 
outer-ring feeder access 400m to 800m of a feeder stop 
no feeder access >800m to closest feeder stop 
trunk 0-800m of a trunk station 
no trunk access >800m to closest trunk station 
 
Controls: Household mobility needs and financial resources 
I use the same measures of household mobility needs and household- and neighborhood-
level financial resources (described in pages 68-70). I also include household size in the tour 
frequency models. The number of household members is expected to be positively related to the 
number of tours completed by the household. As we would not expect that each additional 
household member introduces an equal number of tours, I also include the square of household 
size to account for the declining influence of household size on tour frequency.  
                                                     
18
 Because of the smaller sample size, and particularly the small number of lower-wealth, 
nonmotorized households located along the BRT trunk corridors, I do not differentiate between 
inner-ring trunk access and outer-ring trunk access. In the pre-test, there were 144 lower-wealth, 
car-less households located within 400m of a trunk station; in the post-test there were 146. 
Combining the households within 0-400m of a trunk station with households within 400-800m of 
a trunk station yielded a much larger sample size (1484 in the pre-test, 1319 in the post-test) 
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Analytical approach 
As in Chapter 4, I use maximum likelihood models to estimate the relationships between 
the explanatory variables and each travel outcome. The models are specified similarly to the 
uninteracted and fully interacted (synergy) models from Chapter 4:  
 yi =   ai + 1*controlsi + 2*yeari + 3*trunki + 4*feederi +    
  1*trunki*yeari + 2*feederi*yeari + 5n*formin +  εi [Equation 4 (uninteracted)] 
and 
 yi =   ai + 1*controlsi + 2*yeari + 3*trunki + 4*feederi +    
  1*trunki*yeari + 2*feederi*yeari + 5n*formin + 3n*trunki*yeari*formin + 
4n*feederi*yeari*formin + εi [Equation 5 (interacted)] 
 
where yi in each model is the outcome of interest, estimated via the maximum likelihood models 
described in the following pages. As in Chapter 4, yeari is a dummy variable that takes on the 
value of ‘1’ for observations in the post-test year (2005) and ‘0’ for observations in the pre-test 
year (1995). The variables trunki and feederi  are dummy variables taking on values of ‘1’for 
observations located in the trunk and feeder service areas, respectively, and ‘0’ for observations 
outside the service areas. Form is a vector of the four measures of urban form (proximity, 
support, density, and ciclorruta). Trunk*year*form and feeder*year*form represent the joint 
effects of trunk and feeder access and each of the four form measures. A significant coefficient on 
the trunk*year*formn or feeder*year*formn interaction terms can be interpreted as evidence that 
urban form measure n is interacting with trunk or feeder access to influence the odds of vehicle 
independence. 
Tour frequency 
I use count regression models to examine total tour, non-car tour, and discretionary tour 
frequency. The outcomes are the number of tours taken by all household members over the age of 
16 on the survey day. The expected numbers of total tours and non-car tours are estimated using 
the Poisson regression model shown below: 
 Pr(yi | xi) = [exp(-i)i^(yi)]/yi! [Poisson regression model] 
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where i = exp(xβ). Preliminary analysis indicated overdispersion in the discretionary tour data, 
so I estimate discretionary tours using the negative binomial regression model: 
 Pr(yi | xi, i) = [exp(-ii)(ii)^(yi)]/yi! [negative binomial regression model] 
where ii = exp(xβ)*exp(εi) and i represents the mean of the error, assumed to be = 1. 
Exponentiating the coefficients on the explanatory variables (β) gives the incidence rate 
ratio. For a one-unit change in the value of an explanatory variable, the expected the expected 
number of tours changes by a factor equal to the incidence rate ratio for that explanatory variable. 
For example, a significant and positive coefficient on trunk*year indicates that a change from no 
trunk access to trunk access within 800m is associated with a factor increase in the expected 
number of tours  equal to the incidence rate ratio for trunk*year, controlling for pre-test tour 
frequencies. 
Travel purpose diversity 
I use a generalized ordered logistic regression to examine non-car travel purpose 
diversity. The sample is limited to households that made at least one tour (by any mode) on the 
survey day. Non-car travel purpose diversity ranges from 0 purposes fulfilled to 3 (subsistence, 
maintenance, and leisure) purposes fulfilled.  
The generalized ordered logit model allows the assumption of parallel lines (or 
proportional odds) to be relaxed for explanatory variables that violate the assumption, yet it 
retains the ordered nature of the dependent variables. This assumption would be violated if, for 
example, the effect of feeder access on the odds of fulfilling zero versus one or more travel 
purposes by non-car modes is significantly different than the effect of feeder access on the odds 
of fulfilling less than three versus three (the maximum) travel purposes by non-car modes.  
I use the partial proportional odds parameterization of the generalized ordered logit 
model. The partial proportional odds parameterization produces one beta coefficient for each 
explanatory variable at each level of the dependent variable. For explanatory variables that do not 
 119 
meet the parallel lines assumption, this coefficient is (or could be) different for each level of the 
dependent variable. For explanatory variables that do meet the parallel lines assumption, the 
coefficient is constant across the range of the dependent variable. By imposing these constraints 
where possible, the partial proportional odds model offers a more parsimonious model than, for 
example, an unordered multinomial logit (Williams, 2006).
19
  
The partial proportional odds model can be written as follows: 
Pr(Yi > j | xi) = exp(i + xi
aa + xi
nn) / [1 + exp(i + xi
aa + xi
nn)] ; j = 1,2,...,J-1 
  [partial proportional odds regression model] 
where j is the coefficient on the jth constant (equal to the negative of the cutpoint in a 
standard ordered logit), xi
a
 is a vector of the values of observation i on the subset of variables that 
meet the parallel lines assumption, a is a vector of coefficients on the variables that meet the 
parallel lines assumption, xj
n
 is a vector of the values of observation i on the subset of variables 
that violate the parallel lines assumption, and n is a vector of coefficients on the variables that 
violate the parallel lines assumption.  
The coefficients are estimated using maximum likelihood regression. We can interpret 
the results using odds ratios, given by: 
Pr(Y > j | x) / Pr(Y  j | x) = exp(aj + xj)  
A positive coefficient indicates that as the value of the explanatory variable increases, the 
odds are greater that the actual value of the observation Y is in a higher level j of the dependent 
variable (Williams, 2006; Wang et al., 2009).  
                                                     
19
 For a more detailed discussion of generalized ordered logit models, including its strengths and 
pitfalls, the reader is referred to Ananth and Kleinbaum, 1997 and Williams, 2006. By definition, 
variables that violate the parallel lines assumption have coefficients that vary across categories of 
the dependent variable (their relationship with the dependent variable is not constant across the 
range of the dependent variable). The proportional odds parameterization of the generalized 
ordered logit model uses an iterative process to determine whether this difference is at a pre-
specified alpha (I use alpha=0.01); if there is no significant difference, the variable’s coefficients 
are constrained to be equal across levels of the dependent variable. See Williams, 2006 p. 65. 
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Vehicle independence 
I use binary logistic regression to model the probability that households used a personal 
vehicle or taxi for any of their travel needs on the survey day, using the logit model below:  
P(yi=1|xi)=exp(xβ)/(1+exp(xβ)) [logistic regression model]  
where P(yi=1|xi)= is the probability of vehicle independence for household i given its household 
characteristics and BRT access x. Exponentiating the coefficients on the explanatory variables 
shows the estimated change in the odds of being vehicle-independent given a one-unit increase in 
each explanatory variable, all else equal. For example, exponentiating the coefficients on the 
interaction terms trunk*year and feeder*year shows the estimated change in the odds of being 
vehicle-independent given a change in access to the trunk or feeder service (from 0 to 1) in the 
post-test, controlling for the odds of being vehicle-independent in the pre-test.  
Results 
Descriptive statistics 
Total tours and non-car tours range from 0-11, with each household completing on 
average approximately two tours on the survey day. Discretionary tours range from 0-10, with an 
average of 0.5 discretionary tours per household. The number of total tours, non-car tours, and 
discretionary tours completed by household members decreased from the pre-test to the post-test 
in each area. The number of households using car-free modes to fulfill at least one travel purpose 
was high (above 98%) in both years in all three areas. Non-car travel purpose diversity ranges 
from 0 to 3; the modal category is 1. Across study areas, the modal category of travel purposes 
fulfilled by non-car modes shifted down, from two purposes fulfilled to one, and the number of 
households fulfilling all three travel purposes (subsistence, maintenance, and leisure) by non-car 
modes dropped substantially from pre-test to post-test. Over ninety percent of households in the 
sample (limited to households that traveled on the survey day) were vehicle-independent. The 
number of households traveling exclusively by transit and/or nonmotorized modes increased in all 
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three areas, with the largest increase seen in the trunk area and the smallest increase in the feeder 
area. On one hand, these changes appear to suggest an overall decline in non-car mobility and 
may be signs of increasing household-level motorization pressures. On the other hand, the 
different results from pre-test to post-test may also be due in part to differences in survey 
instruments and methodologies, as mentioned previously (page 68). 
Table 19. Descriptive statistics of mobility measures for low-wealth, car-less households 
   Trunk  Feeder  Control 
   Pre-test Post-test  Pre-test Post-test  Pre-test Post-test 
   mean sd mean sd  mean sd mean sd  mean sd mean sd 
All households n: 2306  2266   4596  4733   1948  2263  
Tour frequency                
   total tours  2.77 1.44 1.54 1.08  2.53 1.32 1.54 1.05  2.66 1.36 1.60 1.09 
   non-car tours  2.58 1.45 1.45 1.07  2.43 1.32 1.48 1.05  2.50 1.36 1.52 1.08 
   discretionary tours  0.84 1.04 0.38 0.65  0.67 0.88 0.31 0.59  0.76 0.93 0.36 0.65 
Traveling households   n: 2276  1897   4529  4041   1925  1948  
Non-car purpose 
diversity                
   0 %  1.14  2.00   0.86  1.36   1.25  1.39  
   1 %  33.17  64.52   37.12  65.38   35.17  64.07  
   2 %  46.18  28.78   45.99  29.52   46.96  29.47  
   3 %  19.51  4.69   16.03  3.74   16.62  5.08  
Vehicle independence  84.93  91.78   91.87  94.21   88.00  93.53  
 
Regression results 
Tables 20 - 23 show the results of regressions of each of the mobility measures on BRT 
access, urban form, and relevant interactions between BRT access and form. As in the vehicle 
ownership analyses, each model is adjusted for household mobility needs and financial resources, 
with the data clustered at the level of the neighborhood. Full models showing the relationships 
between household characteristics and each travel outcome are shown in Appendix 2. 
Tour frequency 
Tables 20-22 show the results of Poisson regressions of the count of total tours and non-
car tours and negative binomial regression of discretionary tours. The observed counts for all 
three tour frequency variables decreased from the pre-test to the post-test. None of the tour 
frequency variables was significantly related to feeder access in either the un-interacted or the 
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interacted models. In the un-interacted models, there is a significant, but small, positive 
relationship between trunk access and total tour and non-car tour frequency; however, this 
relationship is not significant in the interacted models. Trunk access is not significantly related to 
discretionary tour frequency. The only built environment variable significantly related to any of 
the tour outcomes is proximity, which shows a positive relationship with total tours and 
discretionary tours (but not non-car tours). 
In the interacted models for all three tour frequency outcomes, the interaction between 
outer-ring feeder access and proximity to destinations was negative, indicating that, within the 
outer-ring feeder service area, tour frequency declines as proximity to destinations improves, 
relative to households without feeder service and controlling for pre-BRT tour frequency. This 
suggests that the apparent positive influence of proximity on total and discretionary tours is 
reversed for post-test households in the feeder service area. In other words, proximity to 
destinations either has no effect or has a positive (expected) effect on tour frequency for control 
area households, but depresses tour frequency within the outer ring feeder service area. None of 
the other form measures or access*form interactions was significantly related to tour frequency. 
Travel purpose diversity 
The results of the generalized, partial-proportional-odds ordered logit model of travel 
purpose diversity are shown in Table 23. For the variables that do not violate the parallel 
regression assumption, the coefficient represents the likelihood of fulfilling one additional travel 
purpose. For explanatory variables that do violate the parallel regression assumption, there are 
three separate coefficients, one for each level of the outcome (number of travel purposes 
fulfilled). Thus, the first coefficient on these explanatory variables represents the likelihood of 
being in the lowest category (0 travel purposes fulfilled via non-car modes) versus being in any of 
the higher categories; the second represents the likelihood of being in the two lowest categories 
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(0-1 purposes fulfilled) vs the two highest categories (2-3 purposes fulfilled); and the third 
represents the likelihood of being in the three lowest categories (0-2) vs the highest (3).  
There is no significant difference with respect to year in households’ likelihood of 
fulfilling at least one (versus zero) travel purposes via non-car modes. However, post-test 
households are much less likely to have fulfilled multiple travel purposes via non-car modes than 
pre-test households. There is no evidence of a significant relationship between trunk or feeder 
access and purpose diversity in either the un-interacted or the interacted models. 
Proximity to destinations shows a strong but unexpected negative relationship with 
purpose diversity in the un-interacted model (the likelihood of fulfilling an additional travel 
purpose decreases with increasing proximity to destinations), but a positive relationship with 
purpose diversity in the interacted model. When I allow proximityand feeder access to interact, 
feeder location (regardless of year) becomes significant, and the coefficient on proximity 
becomes positive.  
With one exception, none of the other urban form variables is significant, either in their 
main effects or in their interactions with BRT access. The one exception is the relationship 
between diversity and the interaction of support for nonmotorized mobility and inner-ring feeder 
access: the likelihood of fulfilling multiple (2 or 3) purposes by non-car modes (versus fulfilling 0 
or 1) decreases as support for nonmotorized mobility increases, but only among households with 
inner-ring feeder access. In other words, in the inner ring feeder area, support for nonmotorized 
mobility seems to depress purpose diversity, but not at diversity's extreme values). Even though 
feeder access, by itself, was not related to purpose diversity, households with inner-ring feeder 
access display an unexpected negative relationship between support for nonmotorized mobility 
and non-car purpose diversity.  
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Vehicle independence 
In preliminary models, vehicle independence showed very little association with 
household mobility needs. Mobility needs (along with financial resources) should, in theory, be 
the strongest predictors of any of the travel outcomes, so the lack of significance of these terms 
raises serious concerns about the construct validity of the measure. For this reason, I have opted 
not to include vehicle independence as an indicator of non-car mobility. For the interested reader, 
however, I do provide the results for the vehicle independence regression models in Appendix 2. 
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Table 20. Count regression model of total tour frequency (Poisson) 
 
 Un-interacted 
  
Interacted   
VARIABLES  Coef SE IRR 
  
Coef SE IRR 
 y2005  -0.374 (0.018) 0.688 *** 
 
-0.371 (0.018) 0.690 *** 
          
Trunk  0.032 (0.018) 1.033 
  
0.022 (0.017) 1.023 
 Trunk*year  -0.085 (0.028) 0.919 ** 
 
-0.186 (0.121) 0.831 
 Feeder_inner  0.015 (0.024) 1.015 
  
0.021 (0.024) 1.022 
 Feeder_inner*year  -0.011 (0.031) 0.989 
  
-0.023 (0.099) 0.978 
 Feeder_outer  -0.033 (0.022) 0.968 
  
-0.025 (0.022) 0.975 
 Feeder_outer*year  0.049 (0.034) 1.051 
  
0.191 (0.098) 1.210 
         
Proximity  0.012 (0.010) 1.012 
  
0.023 (0.011) 1.023 ** 
Proximity*trunk*year  
     
0.016 (0.037) 1.017 
 Proximity*feeder_inner*year  
     
-0.043 (0.037) 0.958 
 Proximity*feeder_outer*year  
     
-0.075 (0.021) 0.928 *** 
      
Support  -0.012 (0.010) 0.988 
  
-0.008 (0.011) 0.992 
 Support*trunk*year  
     
0.010 (0.045) 1.010 
 Support*feeder_inner*year  
     
-0.031 (0.060) 0.969 
 Support*feeder_outer*year  
     
0.001 (0.032) 1.001 
      
Density  0.001 (0.006) 1.001 
  
-0.003 (0.007) 0.997 
 Density*trunk*year  
     
0.027 (0.029) 1.027 
 Density*feeder_inner*year  
     
0.012 (0.015) 1.012 
 Density*feeder_outer*year  
     
-0.026 (0.023) 0.975 
      
Ciclorruta  0.001 (0.009) 1.001 
  
0.007 (0.009) 1.007 
 Ciclorruta*trunk*year  
     
0.000 (0.036) 1.000 
 Ciclorruta*feeder_inner*year  
     
-0.005 (0.043) 0.995 
 Ciclorruta*feeder_outer*year  
     
-0.039 (0.020) 0.962 ** 
      
Constant  -0.429 (0.036) 0.651 *** 
 
-0.430 (0.038) 0.650 *** 
 
 
         Observations  15,351   15,351
 Prob > chi
2
  0.000   0.000 
 Log-likelihood  -22426     -22417  
SE: robust standard errors; IRR: incidence rate ratio; **p<0.05; ***p<0.01. 
Adjusted for household size, mobility needs, and financial resources. 
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Table 21. Count regression model of non-car tour frequency (Poisson) 
 
 Un-interacted     Interacted   
VARIABLES  Coef SE IRR 
  
Coef SE IRR 
 Year  -0.349 (0.018) 0.705 *** 
 
-0.346 (0.019) 0.707 *** 
          
Trunk  0.024 (0.019) 1.025 
  
0.017 (0.019) 1.017 
 Trunk*year  -0.074 (0.029) 0.928 ** 
 
-0.228 (0.121) 0.796 
Feeder_inner  0.028 (0.025) 1.028 
  
0.034 (0.025) 1.034  
Feeder_inner*year  -0.022 (0.032) 0.978 
  
-0.011 (0.103) 0.989  
Feeder_outer  -0.016 (0.023) 0.984 
  
-0.010 (0.023) 0.990  
Feeder_outer*year  0.032 (0.033) 1.033 
  
0.176 (0.092) 1.192  
         
Proximity  0.005 (0.010) 1.005 
  
0.013 (0.012) 1.013 
 Proximity*trunk*year  
     
0.030 (0.036) 1.030 
 Proximity*feeder_inner*year  
     
-0.034 (0.040) 0.967 
 Proximity*feeder_outer*year  
     
-0.061 (0.020) 0.941 ** 
      
Support  -0.011 (0.010) 0.989 
  
-0.008 (0.011) 0.992 
 Support*trunk*year  
     
0.002 (0.042) 1.002 
 Support*feeder_inner*year  
     
-0.040 (0.067) 0.960 
 Support*feeder_outer*year  
     
0.016 (0.027) 1.016 
      
Density  0.004 (0.006) 1.004 
  
0.001 (0.007) 1.001 
 Density*trunk*year  
     
0.039 (0.029) 1.040 
 Density*feeder_inner*year  
     
0.007 (0.015) 1.007 
 Density*feeder_outer*year  
     
-0.027 (0.021) 0.973 
      
Ciclorruta  -0.000 (0.009) 1.000 
  
0.005 (0.009) 1.005 
 Ciclorruta*trunk*year  
     
0.003 (0.035) 1.003 
 Ciclorruta*feeder_inner*year  
     
-0.001 (0.041) 0.999 
 Ciclorruta*feeder_outer*year  
     
-0.039 (0.019) 0.962 ** 
      
Constant  -0.513 (0.039) 0.598 *** 
 
-0.516 (0.041) 0.597 *** 
 
 
         Observations  15,351   15,351
 Prob > chi
2
  0.000   0.000 
 Log-likelihood  -22327      -22321  
SE: robust standard errors; IRR: incidence rate ratio; **p<0.05; ***p<0.01. 
Adjusted for household size, mobility needs, and financial resources. 
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Table 22. Count regression models of discretionary tour frequency (negative binomial) 
  Un-interacted     Interacted   
VARIABLES  Coef SE IRR 
  
Coef SE IRR 
 Year  -0.855 (0.065) 0.425 *** 
 
-0.845 (0.067) 0.430 *** 
          
Trunk  0.078 (0.054) 1.081 
  
0.060 (0.054) 1.062 
 Trunk*year  -0.141 (0.091) 0.868 
  
0.197 (0.383) 1.217 
 Feeder_inner  0.055 (0.081) 1.056 
  
0.076 (0.083) 1.079 
 Feeder_inner*year  -0.057 (0.102) 0.945 
  
-0.109 (0.295) 0.897 
 Feeder_outer  -0.013 (0.064) 0.987 
  
0.013 (0.066) 1.013 
 Feeder_outer*year  -0.122 (0.108) 0.885 
  
0.169 (0.350) 1.184 
         
Proximity  0.104 (0.035) 1.109 *** 
 
0.133 (0.038) 1.142 *** 
Proximity*trunk*year  
     
-0.153 (0.119) 0.858 
 Proximity*feeder_inner*year  
     
-0.156 (0.122) 0.856 
 Proximity*feeder_outer*year  
     
-0.25 (0.113) 0.779 ** 
      
Support  -0.026 (0.035) 0.975 
  
-0.021 (0.038) 0.979 
 Support*trunk*year  
     
0.110 (0.121) 1.116 
 Support*feeder_inner*year  
     
-0.090 (0.147) 0.913 
 Support*feeder_outer*year  
     
0.067 (0.110) 1.069 
      
Density  0.001 (0.023) 1.001 
  
-0.010 (0.026) 0.990 
 Density*trunk*year  
     
-0.071 (0.096) 0.932 
 Density*feeder_inner*year  
     
0.044 (0.039) 1.045 
 Density*feeder_outer*year  
     
-0.065 (0.086) 0.937 
      
Ciclorruta  -0.000 (0.027) 1.000 
  
-0.000 (0.029) 1.000 
 Ciclorruta*trunk*year  
     
0.033 (0.095) 1.033 
 Ciclorruta*feeder_inner*year  
     
-0.027 (0.139) 0.973 
 Ciclorruta*feeder_outer*year  
     
-0.012 (0.070) 0.988 
      
Constant  -1.081 (0.138) 0.339 *** 
 
-1.072 (0.145) 0.342 *** 
lnalpha  -1.409 (0.128) 0.244 *** 
 
-1.423 (0.129) 0.241 *** 
      
Observations  15,351   15,351  
Prob > chi
2
  0.000   0.000  
Log-likelihood  13943   13930  
McFadden’s R
2  0.06   0.06  
SE: robust standard errors; IRR: incidence rate ratio; **p<0.05; ***p<0.01. 
Adjusted for household size, mobility needs, and financial resources. 
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Table 23. Generalized ordered logit regression of travel purpose diversity 
 level of 
outcome variable 
 Un-interacted   Interacted  
VARIABLES  Coef SE OR   Coef SE OR  
Year 0 vs 1-3  0.020 0.174 1.020  
 
0.120 0.187 1.128  
 0-1 vs 2-3  -1.340 0.097 0.262 *** -1.327 0.100 0.265 *** 
 0-2 vs 3  -2.055 0.193 0.128 ***  -2.070 0.214 0.126 *** 
            
Trunk --  0.081 0.093 1.084  
 
0.065 0.093 1.067  
Trunk*year 0 vs 1-3  -0.120 0.132 0.887  
 
-1.236 0.779 0.290  
 0-1 vs 2-3  0.235 0.128 1.265  0.590 0.495 1.803  
 0-2 vs 3  -0.292 0.159 0.747   -0.467 0.847 0.627  
Feeder_inner --  0.052 0.110 1.054  
 
0.256 0.131 1.292 ** 
Feeder_inner*year --  -0.170 0.149 0.843  
 
-0.368 0.362 0.692  
Feeder_outer --  0.085 0.051 1.089  
 
0.098 0.112 1.103  
Feeder_outer*year --  0.020 0.174 1.020  
 
0.331 0.497 1.392  
           
Proximity --  -1.340 0.097 0.262 *** 
 
0.124 0.052 1.132 ** 
Proximity*trunk*year --      
 
-0.045 0.053 0.956  
Proximity*feeder_inner*year --      
 
-0.007 0.039 0.993  
Proximity*feeder_outer*year --      
 
-0.018 0.047 0.982  
           
Support --  -0.054 0.048 0.947   -0.272 0.160 0.762  
Support*trunk*year --      
 
-0.190 0.145 0.827  
Support*feeder_inner*year 0 vs 1-3      
 
0.137 0.199 1.147  
 0-1 vs 2-3      -0.356 0.179 0.700 ** 
 0-2 vs 3       -0.201 0.343 0.818  
Support*feeder_outer*year --      
 
0.060 0.163 1.062  
           
Density --  0.009 0.032 1.009   -0.280 0.217 0.756  
Density*trunk*year --      
 
0.170 0.153 1.185  
Density*feeder_inner*year 0 vs 1-3      
 
0.374 0.238 1.454  
 0-1 vs 2-3      -0.150 0.113 0.860  
 0-2 vs 3       0.224 0.205 1.251  
Density*feeder_outer*year --      
 
0.069 0.058 1.071  
           
Ciclorruta --  0.006 0.047 1.006   -0.144 0.116 0.866  
Ciclorruta*trunk*year --      
 
0.092 0.120 1.097  
Ciclorruta*feeder_inner*year --      
 
0.235 0.158 1.265  
Ciclorruta*feeder_outer*year --      
 
0.088 0.095 1.092  
           
alpha 0 vs 1-3  2.985 0.287 19.790 *** 
 
3.000 0.294 20.091 *** 
 0-1 vs 2-3  -0.998 0.151 0.369 *** -0.972 0.165 0.378 *** 
 0-2 vs 3  -4.012 0.182 0.018 ***  -3.986 0.189 0.019 *** 
            
Observations   14,085  
 
14,085  
Prob>Chi2   0.000  
 
0.000  
Log-pseudolikelihood   -10325.4  -10301.6  
Pseudo R
2
   0.09   0.09  
SE: robust standard errors; OR: odds ratio**p<0.05; ***p<0.01. 
Adjusted for household size, mobility needs, and financial resources 
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 As in Chapter 4, I use predicted probability plots to facilitate interpretation of the 
regression results. Figure 16 shows the predicted number of tours for each of the three tour 
outcomes for a typical household before and after BRT implementation, while the urban form 
measure proximity to destinations varies across its range. For each outcome, the plots show a 
weak but positive relationship between proximity and tour frequency in the pre-test (upward-
sloping gray lines), as hypothesized, regardless of location with respect to the feeder service. But 
in the post-test (black lines), with the feeder service in place, the relationship between proximity 
and tour frequency appears flat or negative (downward-sloping) in the feeder service areas for all 
three tour frequency outcomes.   
 130 
 
Figure 16. Predicted number of tours for a representative household, by feeder 
access and proximity to destinations 
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The predicted probability plots look remarkably similar for travel purpose diversity 
(Figure 17). In this plot, the gray and black lines represent the predicted probability of fulfilling 
two purposes via non-car modes in the pre- and post-tests, respectively. The lines representing the 
probability of fulfilling one purpose (i.e., less purpose diversity) are not shown, but are virtually a 
mirror image of the lines for two travel purposes. Together, the heights of the two curves at any 
given point would sum nearly to one, as the probabilities of fulfilling either zero or three purposes 
are virtually zero (except in a handful of cases, households choose between one or two purposes).  
In the pre-test, we see the expected relationship between proximity and purpose diversity, 
regardless of location with respect to the feeder service: as destination proximity improves, the 
probability of fulfilling two purposes increases (and the probability of fulfilling one purpose 
drops). In the post-test, the relationship between proximity and diversity is unchanged in the 
control areas (even though the overall probability of fulfilling two purposes is lower), but in the 
feeder-served areas, we once again see a negative correlation between proximity and purpose 
diversity (the probability of fulfilling two purposes drops, while the probability of fulfilling one 
purpose rises). 
 
Figure 17. Predicted non-car travel purpose diversity for a representative 
household, by feeder access and destination proximity 
0
0.25
0.5
0.75
1
<400m 400-800m >800m
P
re
d
ic
te
d
 p
ro
b
ab
ili
ty
 o
f 
fu
lf
ill
in
g 
 2
 t
ra
ve
l 
p
u
rp
o
se
s 
distance to closest feeder stop 
pr(2 purposes) [pre-test] 95% CI [pre-test]
pr(2 purposes) [post-test] 95% CI [post-test]
 132 
Discussion 
In summary, neither trunk nor feeder access appears to have had a direct impact on tour 
frequency or non-car travel purpose diversity. Proximity to destinations shows expected 
significant associations with the non-car mobility indicators except among households with feeder 
service, though the direction of this association varies depending upon access to the feeder 
service. Density, ciclorruta access, and support for nonmotorized travel were not significantly 
related to any of the outcomes tested.  
The lack of significance of BRT access, combined with the impact of feeder access on the 
relationship between proximity and mobility, is unexpected, and underscores  the challenges 
involved in conceptualizing and operationalizing mobility. These challenges are especially 
germane to research among resource-constrained populations, in which observed travel patterns 
might not be reflective of actual mobility. Therefore, the travel outcomes used in this analysis 
may represent an inadequate explication of the construct of mobility. Take the example of tour 
frequency: based on empirical and theoretical relationships between tour frequency and the built 
environment in relatively affluent populations in developed settings, I hypothesized that 
households with more supportive urban form would complete more tours. Underlying this 
hypothesis is the assumption that, regardless of context, vehicle ownership rates, or 
socioeconomic status, the completion of more tours indicates greater mobility. In a lower-wealth 
population with poor mobility, however, this assumption may not be valid. In the US context, 
research often assumes that the gap between actual travel and desired travel, if it exists, is 
negligible – most households adjust their situations through location and/or vehicle ownership 
such that they are able to consume their preferred amount of travel. In low-wealth, low-mobility 
contexts, however, it may be more desirable to make fewer, more complicated tours, particularly 
for travelers captive to nonmotorized modes and/or transit.  
If more tours does not indicate greater fulfillment of travel demand (i.e., more mobility), 
what does it indicate? Chaining complex travel needs into one or two tours may minimize travel 
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distances (an important factor for nonmotorized travel) and transit fares, and that may be more 
important to Bogotá’s car-less households than to households in developed settings, which are 
typically assumed to have at least one car. In a high-mobility context, destination proximity is 
expected increase completion of multiple single-purpose tours. In a low-mobility context such as 
Bogotá, in contrast, a neighborhood that provides more destinations within a relatively small area 
may then enable households to meet more of their travel needs in fewer tours by enabling more 
multi-purpose tours. However, exploratory analysis revealed that over 98 percent of sampled 
households relied exclusively on single-purpose tours – meaning that if households with better 
destination proximity are fulfilling more travel needs in each tour, those travel needs fall within a 
single purpose. For example, a household may make multiple stops to shop during a single tour, 
but that tour would count as single-purpose. Unfortunately, the pre-test data do not distinguish 
between trips that involved multiple stops and trips that involved multiple legs per stop, rendering 
it impossible to determine whether multi-leg tours represent greater fulfillment of travel needs or 
greater hardship (e.g., more transfers between transit vehicles or switches between travel modes) 
placed on travelers. 
The unexpected relationship between travel purpose diversity and destination proximity 
may also be a product of inadequate construct explication. I hypothesized that urban forms that 
bring destinations closer together, provide a vibrant and safe walking/bicycling environment, and 
improve accessibility to transit will enable households to complete a greater variety of travel 
purposes by non-car modes. However, I found no relationship between travel purpose diversity 
and density, support for nonmotorized travel, ciclorruta access, or BRT access. Destination 
proximity was positively related to purpose diversity, as hypothesized, but among post-test 
households with feeder access, destination proximity is not significantly related to purpose 
diversity.  
Why would all of the mobility measures show the expected (positive) relationship with 
purpose diversity everywhere except in the feeder area? A rarely-discussed limitation of factor 
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analysis provides a possible explanation for this unexpected result. Table 24 shows bivariate 
correlations between proximity and each of the urban form variables that load on proximity, 
segmented by location vis-à-vis the feeder service. Two variables stand out: major (kilometers of 
arterial streets and highways within 400m of the neighborhood center) and dist_CBD (distance to 
Bogotá’s primary activity corridor). Dist_CBD is expected to be negatively related to use of 
transit and nonmotorized modes, but is positively correlated with proximity in neighborhoods 
located within 400-800m of the feeder service. Major represents highway and arterial street 
network connectivity, and, as discussed in Chapter 4, may reflect ease of accessing destinations 
via conventional transit. However, major is negatively correlated with proximity in 
neighborhoods located within 400-800m of the feeder service. This suggests (though does not 
definitively demonstrate) that, at least in the outer ring feeder area – where the slopes of the 
predicted outcomes are steepest – as proximity to destinations increases, highway and arterial 
street network connectivity decreases and CBD distance increases. It is possible that the negative 
impacts of these two measures of urban form are counteracting the other urban form attributes 
loading on proximity.
20
  
Table 249. Correlation coefficients (Pearson’s r) between proximity and variables loading on 
proximity, by feeder service area location 
Variable 
Control area 
(>800m from feeder) 
Outer ring  
(400-800m from feeder) 
Inner ring  
(<400m from feeder) 
Major  0.522         -0.219   0.177  
Pct_comm  0.565   0.631   0.695  
School_density  -0.146   -0.202   -0.036  
Dist_CBD  -0.631   0.258   -0.096  
Dist_shop  -0.600   -0.581   -0.362  
Dist_social  -0.509   -0.330   -0.235  
Dist_church  -0.692   -0.705   -0.571  
Pct_park  -0.469   -0.854   -0.656  
Pct_built  0.696   0.894   0.708  
Households within 400m of trunk station excluded 
 
                                                     
20
 Similar limitations of factor-analytic variables have been noted in health sciences research 
(e.g., Goodwin, 1999; Pyörälä et al., 2000) 
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The results are also confounded by an important systematic change in the sample 
population from the pre-test to the post-test. In both years, I limit the sample to households that 
were not motorized at the time they were surveyed. This exposes the results to bias by 
systematically changing the composition of the study population, in that households that were not 
motorized in the pre-test but were motorized in the post-test would not be eligible to be sampled 
in the post-test, but could potentially have been in the sample in the pre-test. If the decision to 
motorize is influenced at least in part by a need for improved mobility, then the households that 
were experiencing the greatest need for improved mobility during the study period were at an 
increased risk of motorizing, thus exiting the sample population between the pre-test and the post-
test. As discussed previously, the most likely implication of this change is that the results here 
underestimate the strength of the relationship between travel outcomes and the environment 
measures tested, potentially leading to Type II errors. I discuss this issue, as well as several 
additional threats to validity, in more detail in Chapter 6. 
Contributions 
 These limitations notwithstanding, there is one clear, consistent result from this analysis: 
I found no evidence that location within 800 meters of TransMilenio’s trunk or feeder routes 
influenced the number of tours completed or the diversity of travel purposes fulfilled via non-car 
modes for Bogotá’s lower-wealth, car-less households. This lack of significance is itself 
interesting, considering that findings from other research in Bogotá show evidence of 
gentrification within walking distance of both types of service (Rodríguez and Targa, 2004; 
Muñoz-Raskin, 2010). Furthermore, in the previous chapter I found that access to the trunk 
system was related to substantially reduced odds of vehicle ownership among higher-wealth 
households. Taken together, these results suggest that higher-wealth households realize a mobility 
benefit from access to the BRT, and that this benefit is capitalized into higher property values 
along the BRT lines. Lower-wealth households are not seeing the same benefit, either in terms of 
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vehicle ownership or non-car mobility. However, property values are rising in lower wealth 
neighborhoods as well, suggesting an increase in demand for feeder access among households 
that do realize TransMilenio’s mobility benefits. This raises the question of whether one of the 
longer-term effects of Bogotá’s transit investment is a gradual transition in feeder-served areas 
from lower-wealth to higher-wealth households, and a shift in the location of lower-wealth 
households from feeder areas to more peripheral, less-accessible neighborhoods (Muñoz-Raskin, 
2010). 
Conclusions 
In this analysis, I examined the relationships between accessibility, measured in terms of 
access to the TransMilenio BRT system and urban form, and three measures of travel patterns: 
tour frequency, non-car travel purpose diversity, and vehicle independence. Based on theoretical 
frameworks described in the literature, I postulated that these three measures served as indicators 
of non-car mobility. Specifically, I assumed that households that completed more tours (in total, 
by non-car modes, and for discretionary purposes), fulfilled a greater variety of travel purposes by 
non-car modes, and were likely to rely on a car or taxi to complete any of their daily travel, had 
greater non-car mobility and were less likely to feel pressure to motorize. In turn, I hypothesized 
that households located in neighborhoods with access to the BRT and greater support for non-car 
mobility – in other words, neighborhoods that offered greater non-car accessibility to a wider 
variety of opportunities – would complete more tours, for more purposes, and would be less 
likely to use a vehicle for any of their daily travel.  
The regression analysis offers mixed results: I found that BRT access, on its own, does 
not appear to have an impact on tour frequency or travel purpose diversity. Neither ciclorruta 
access, support for nonmotorized travel, nor density is significantly related to tour frequency or 
travel purpose diversity. Proximity to destinations shows significant positive associations with 
each of the non-car mobility indicators, except in areas with access to the feeder service. Vehicle 
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independence was found to be uncorrelated with household mobility needs, casting doubt on the 
validity and usefulness of the measure.   
I attribute the unexpected findings in part to data and measurement limitations. However, 
I also conclude that the results provide no evidence that the implementation of the TransMilenio 
BRT system in Bogotá has influenced the ability of lower-wealth, transit-captive households to 
meet their mobility needs. Further work is needed to improve measurement of mobility, in 
particular the gap between observed travel and desired travel by lower-wealth, transit-captive 
households, in order to better inform transit planners and decision makers and ensure that transit 
investment results in improvements in accessibility and mobility for choice and captive users. 
CHAPTER 6. OVERALL CONCLUSIONS, LIMITATIONS, AND 
CONTRIBUTIONS TO SCHOLARSHIP 
The objective of this research was to improve knowledge of BRT’s potential to alleviate 
pressures on households to own motor vehicles and of the role urban form plays in supporting 
that potential. I achieved this objective by examining changes in vehicle ownership and mobility 
patterns from before to after implementation of the first two phases of the TransMilenio BRT 
system in Bogotá, Colombia. Overall, I hypothesized that access to TransMilenio, when 
accompanied by urban forms that are supportive of transit and nonmotorized travel, would result 
in lower odds of vehicle ownership and greater ability to travel by non-car modes. My results 
show that TransMilenio’s impacts are much more complicated than what I hypothesized. In this 
final chapter, I discuss my findings globally, apply what I learned in the process of conducting 
this research to help understand the meaning of my results, and discuss the practical implications 
of my findings. I also describe the threats to validity and reliability posed by my research design 
and methodological approach, explain how I attempted to minimize the impacts of these threats, 
and offer suggestions to improve the validity and reliability of future research on BRT and 
motorization pressures. I conclude with a discussion of this study’s contribution to the literature 
on the travel behavior/built environment relationship and suggestions for future research. 
Review of findings 
Two important attributes of Bogotá must be noted before reviewing the results of this 
study. The first is that TransMilenio involves two types of transit service integrated into one 
system. Following arterials crossing the city from north to south, and passing through the city’s 
urban core is the TransMilenio trunk service, characterized by large-capacity buses operating on 
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dedicated lanes. In the sprawling neighborhoods to the city’s north, south, and west, 
TransMilenio takes the form of a feeder service, which resembles more conventional bus-based 
transit, with standard-sized buses operating in mixed traffic. Though the two services are part of 
the same system, they offer very different user experiences.  
The second attribute is that households in Bogotá are somewhat spatially segregated 
according to socioeconomic status. Higher-wealth households are concentrated near the urban 
core and are underrepresented in feeder-served neighborhoods. Lower-wealth households are 
distributed more broadly across the city, but are more likely to be located in feeder-served 
neighborhoods than in neighborhoods served by the main trunk lines. Thus, right from the start, 
the implementation of TransMilenio meant something different to households from higher- and 
lower-wealth segments of the city’s population.  
This segregation influenced the analytical approach I followed and the interpretations and 
policy implications of the results. Among higher-wealth households, I examined the impacts of 
access to trunk stations only on vehicle ownership. Among lower-wealth households, I tested the 
impacts of trunk and feeder access on vehicle ownership and on non-car mobility. Thus, the 
results and my interpretations of them are couched both in terms of wealth and service type 
received. 
Vehicle ownership 
Among higher-wealth households, I found that access to BRT trunk stations (location 
within 400m from a trunk station) was associated with a sharp drop in the odds of vehicle 
ownership from the pre-test to the post-test. The strength of that relationship decreased with 
increasing distance from a station, and leveled off after about 500m.  
I found no statistical evidence that the supportiveness of neighborhood-level urban form 
affected vehicle ownership among higher-wealth households. Urban forms along the trunk 
corridors were, nearly across the board, more supportive of transit and nonmotorized travel than 
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elsewhere in the city, raising the possibility that urban form is confounding the relationship 
between trunk access and vehicle ownership. However, the weakening of the trunk access/vehicle 
ownership relationship with increasing distance from a trunk station lends support to the 
conclusion that access to the trunk system did indeed exert a negative influence on vehicle 
ownership among higher-wealth households.  
Among lower-wealth households, my initial models suggested (1) that trunk access did 
not have a significant impact on the odds of vehicle ownership, and (2) that moderate access to 
the feeder service (location within 400-800m from a feeder stop) was associated with a small and 
unexpected increase in the odds of vehicle ownership. Distance-based models showed no 
significant relationship between feeder access and vehicle ownership, however, suggesting that 
the cause of the uptick in vehicle ownership in feeder-served neighborhoods might not have been 
due to the introduction of the feeder service itself, but to other concurrent and spatially co-located 
policy interventions within the feeder service area.  
The differential impacts by wealth and service type in Bogotá are not unique to this 
study. Other researchers have found differential impacts of TransMilenio as well. For example, 
Lleras (2003) found that TransMilenio’s introduction resulted in significant travel time reductions 
for trips originating in trunk-served neighborhoods, but increases in travel times for trips 
involving a feeder bus, compared to travel times for similar trips made via the conventional 
service prior to TransMilenio. These findings suggest that the mobility benefits (in terms of travel 
time and reduced vehicle ownership pressures) of TransMilenio have accrued primarily to higher-
wealth households. The impacts of these benefits are reflected in property values: TransMilenio 
has been associated with increasing demand for moderate and high end residential properties 
along the trunk lines (and to a lesser extent in feeder-served neighborhoods), but not for lower-
value housing with either type of service (Rodríguez and Targa, 2004; Muñoz-Raskin, 2010).   
The picture became more nuanced when I incorporated urban form measures into the 
models. Regardless of the cause of the uptick in vehicle ownership among lower-wealth, feeder-
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served households, I found that supportive urban form – in particular, increasing proximity to 
destinations and support for nonmotorized travel – moderates the relationship between vehicle 
ownership and feeder access. Specifically, in feeder-served neighborhoods with low levels of 
destination proximity and support for nonmotorized travel, the relationship between feeder access 
and vehicle ownership is positive. But in feeder-served neighborhoods with high levels of 
destination proximity and support for nonmotorized travel, the relationship between feeder access 
and vehicle ownership is negative.  
In other words, when the introduction of BRT service is coupled with supportive urban 
form in lower-wealth neighborhoods, the apparent negative impacts (with respect to vehicle 
ownership pressures) of the change on lower-wealth households are lessened, and in some cases 
reversed, even when the only BRT service available is the lower quality feeder service. This 
suggests the importance of coordinating transit interventions with urban development policies 
that support those interventions, particularly in lower-wealth neighborhoods.  
Mobility 
In Chapter 5, I found no evidence that mobility, measured in terms of tour frequency or  
travel purpose diversity was significantly related to BRT access among car-less lower-wealth 
households. Of the urban form measured tested, only proximity to destinations showed a 
significant relationship with mobility. In the pre-test and among control-area households in the 
post-test, proximity to destinations was positively related to each of the mobility outcomes, as 
expected. However, among feeder-served post-test households, proximity to destinations was 
either insignificant or negatively associated with mobility.  
Limitations in the data, design, and analytical approach may be obscuring the 
relationships between the built environment – including BRT access and urban form – and travel 
behavior among lower-wealth households. I discussed these limitations briefly at the end of 
Chapter 5, and I revisit them in more detail in the next section of this chapter.  
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Despite these limitations, however, it is surprising that there was no significant 
relationship between TransMilenio access and any of the travel outcomes examined. 
TransMilenio represented several substantial changes in transit service provision, even in the 
feeder areas. These changes include faster travel speeds, greater reliability, and improved safety 
for passengers and other road users. But TransMilenio also brought overcrowding and higher 
fares, particularly for riders whose travel patterns include TransMilenio-served and non-served 
areas, because at the time the data was collected, users had to pay fares in two different transit 
systems. For households whose mobility patterns aligned well with the conventional system prior 
to TransMilenio, the shift to BRT likely meant a sharp drop in level of service. Even though I did 
not see significant differences in non-car travel patterns for TransMilenio-served versus un-
served households, the riots of 2012 over service inadequacies, overcrowding, and rising fares are 
a clear indication that large segments of the population of Bogotá are deeply dissatisfied with the 
new system. Whether the service shortcomings that have caused this dissatisfaction are due to 
mismanagement and delayed rollout of new lines, or because of the system’s inherent inability to 
serve lower income travelers (or both) is hard to tell. Regardless of the cause, however, the 
dissatisfaction underscores the need to better understand existing travel patterns and mobility 
needs of all users before investing in a new service. 
Limitations 
The unexpected findings with respect to travel behavior highlight some of the limitations 
of this research. In this section, I discuss these limitations; describe what, if anything, I did to 
address or minimize them; and explain their implications for the results of this study. 
Threats to construct validity and reliability of measures 
Measures of mobility needs and financial resources 
I estimated households’ travel needs using measures of household size, composition, and 
structure. The choice of attributes was informed by prior research on correlates of vehicle 
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ownership and travel behavior (see p. 66), but ultimately was constrained by the data included in 
the household surveys (which did not include direct questions on mobility or travel needs). 
Similarly, the surveys did not ask households to report data on income or purchasing power, so, 
consistent with other research using the same datasets, I used as surrogates measures of 
employment status and education levels. All of the measures I used to estimate mobility needs 
and financial resources showed strong associations with the vehicle ownership and travel 
outcomes.  
Construct validity of the financial resources measure would be strengthened substantially 
by including questions about income or spending patterns in the household surveys. The concept 
of mobility needs is more complicated, and may be difficult or impossible to fully capture without 
conducting in-depth interviews. Future survey research would be improved by better knowledge 
about how household attributes relate to mobility needs. 
Measures of the built environment 
BRT access variables 
As discussed in Chapter 4 (pp. 95-96), TransMilenio is not just a bus system; it is also a 
set of policies and programs, including roadway improvements, upgrading of pedestrian and 
bicycling infrastructure, and improvements in housing supplies, especially in feeder-served 
neighborhoods. Thus, my explanatory variables on transit access are likely to introduce mono-
operation bias, as they are not just measuring the effects of proximity to a new bus service, but a 
bundle of changes, the centerpiece of which is proximity to a new bus service. The fact that 
feeder access was significantly related to vehicle ownership in the buffer models of Chapter 4, but 
not in the distance-based models, suggests that these other elements of the bundle, which vary 
across neighborhoods, may well be confounding or obscuring the actual relationships between 
feeder access and vehicle ownership and between feeder access and travel behavior. The potential 
for mono-operation bias is less of a threat in trunk-served neighborhoods, where concurrent 
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upgrading programs were less aggressive than in the feeder neighborhoods. The results from the 
distance models provide additional support that trunk access was exerting a direct impact on 
vehicle ownership outcomes.  
The removal of conventional transit services to make way for TransMilenio poses an 
additional and serious threat to validity. Unfortunately, data on the location of and service levels 
provided by the conventional operators prior to the first two phases of TransMilenio are 
nonexistent. Thus, I was able to model only half of the changes: the addition of TransMilenio. 
The impact of the simultaneous subtraction of conventional services is completely and necessarily 
neglected. Collecting data on conventional transit services now, before further expansions of the 
TransMilenio system, is crucial to the validity of future research on household-level impacts of 
Bogotá’s transit investment.   
Urban form 
In Chapter 5 (pp. 133-134), I identified a potential problem with the construct validity of 
my urban form measures; in particular, with the factor-analytic variable proximity to destinations. 
Specifically, I noted that two of the urban form attributes loading on this factor (major street 
network density and CBD distance) dissociate with the other attributes loading on the factor in 
neighborhoods located 400 to 800m from the feeder service. This dissociation calls into question 
the reliability and validity of proximity, and casts doubt on the other factor-analytic variable, 
support for nonmotorized mobility (though I did not detect similar location-based dissociations 
among attributes loading on the support factor).  
The potential for this kind of problem was noted in the psychometrics literature in 2003, 
when Delis et al. (2003) found that classic factors used to assess memory function broke down in 
samples restricted to patients with particular cognitive and memory impairments. They write that 
this breakdown “illustrates how the factor solution of a test can change in theoretically 
meaningful ways depending on the type of homogenous patient sample included in the analysis” 
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(p. 941). Researchers working with urban form data have criticized the use of factor-analytic form 
measures for a variety of reasons (discussed in Chapter 3), but I have not encountered the 
potential for dissociation of factors among those criticisms. This issue suggests a need to 
carefully inspect factors in future studies to ensure they behave as expected across treatment and 
control areas. 
Scale and delineation of built environment measures 
There are two drawbacks to the buffer approach I used to measure the built environment 
(including BRT access and urban form). The first is the construct validity threat posed by 
treatment diffusion. Treatment diffusion occurs when the effects of an explanatory variable (a 
treatment) are not localized to the households for which they are measured, but leak across 
boundaries and influence households that have been attributed different values on those 
explanatory variables. Said differently, if a household in one neighborhood perceives some sort of 
benefit or disbenefit from built environment conditions attributed to an adjacent neighborhood, 
the construct validity of the measurement of those conditions is threatened. As I discussed in 
Chapter 4, I calculated the built environment variables within a circle with a radius of 400m 
centered on the geographic centroid of each neighborhood. This buffer size, while consistent with 
convention, imposes arbitrary boundaries on the area of influence of the built environment. The 
actual area of influence of any particular environment attribute is dependent upon the attribute in 
question, characteristics of the household thought to be influenced, and, probably, a vast array of 
unobserved contextual factors.  
Secondly, the scale at which urban form is measured may be confounding my results. The 
400m circle has an area of roughly 0.5km
2
. The mean area of the study neighborhoods is 
approximately 0.6km
2
, meaning that the average neighborhood is twenty percent larger than the 
circle in which its urban form is measured. Assuming neighborhoods are roughly circular in 
shape, and assuming study households are evenly distributed throughout their neighborhoods 
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(neither assumption is true), on average, only about 83 percent of households in each 
neighborhood are actually located within the area at which their urban form is calculated.21 The 
mean area of neighborhoods in the outer-ring (400-800m) feeder service area is 0.74km
2
 – larger 
than the rest of the city, and nearly fifty percent larger than the circle in which urban form 
measures are calculated. Thus, in the outer-ring feeder service area, the likelihood that the urban 
form actually experienced by households is the same as the urban form that is attributed to them 
is lower than for all other households in the study. Thus, we should expect the reliability of the 
results for households with outer-ring access to the feeder service to be lower than the reliability 
of the results with respect to trunk service areas, inner-ring feeder service areas, and control areas, 
due to the measurement error identified.  
Echoing suggestions by Krizek (2003c) and others discussed in Chapter 3, these issues 
underscore the importance of calculating built environment measures that are unique to specific 
household locations, rather than attributing neighborhood-level measures to households located in 
those neighborhoods. However, the necessary data on household locations was not available for 
this research, and even if it were available, we would still not be able to account for differences in 
how households perceive and respond to their surroundings. For this, we need to supplement 
detailed, objective measures of the built environment with subjective measures as well. 
Measurement of mobility 
As I discussed in Chapter 5 (p. 130), the unexpected and inconsistent results with respect 
to travel behavior underscore the difficulties in conceptualizing and operationalizing mobility. 
One of the main challenges of my mobility analysis was to develop measures of travel behavior 
that could be constructed from travel survey data and that are clear and consistent indicators of 
mobility (I explained and defended the choice of these measures on pp. 108-111). While I believe 
                                                     
21
 Calculating urban form within a larger circle would increase the chances every household 
within a neighborhood is captured within that circle, but, as discussed in Chapter 3, would also 
decrease the relevance of the urban form measure itself. 
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the measures I chose represent the best possible approach to estimating actual mobility from the 
survey data, they  
(a) rely on the untested assumption that more of each measure (more tours, more 
purposes fulfilled, more independence from private motorized travel) represents 
greater fulfillment of travel needs, and  
(b) measure only actual travel patterns, and do not address the gap between actual and 
desired travel. 
Before we can make causal inferences about the environment’s ability to meet mobility 
needs, we need to understand both actual mobility and desired mobility. However, I am unaware 
of any studies that have made an explicit attempt to quantify at the household level the 
differences between actual travel patterns and desired travel patterns. I am currently exploring 
options for further research in this area.   
Measures of motorization pressures 
Finally, the elephant in the garage, so to speak, in the vehicle ownership analysis is 
motorcycle ownership. Motorcycles are an important and growing source of personal mobility 
across the developing world, and Bogotá is no exception, with an estimated 125,000 registered 
motorcycles in the city as of 2011 (Movilidad Bogotá, 2011). Like automobile ownership, 
motorcycle ownership can be viewed in part as a response to pressure to be motorized. However, 
motorcycle ownership was largely unaccounted for in the household surveys, with less than three 
percent of households in the study reporting owning a motorcycle. Thus, I was not able to 
examine motorcycle ownership as a pathway to motorization, either as a gateway to automobile 
ownership, or as an end in itself. I believe that neglecting motorcycles means my results 
underestimate motorization pressures by not measuring a possibly important response to those 
pressures. It is important to understand whether the environmental conditions under which a 
household would respond to those pressures via motorcycle differ from those under which they 
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would motorize via automobile. If motorcycle ownership and auto ownership are driven by 
different factors (which, as suggested by Yamamoto (2009), is probably the case), it is unclear the 
extent to which the apparent underreporting of motorcycles in the survey data has biased my 
results.  
Internal validity 
Self-selection bias 
In theory, households are free to move between treatment and control groups (into and 
out of TransMilenio service areas) in order to satisfy their preferences for locational 
characteristics, including transit access. This means that, even if the treatment (TransMilenio 
access) were initially applied randomly, households may nullify the randomization through 
residential sorting. In the U.S., the potential for residential sorting has fueled a long debate over 
whether transit access and/or urban form exert a real influence on travel behavior, or simply 
enable households to exercise their desired travel behavior. The prevailing conclusions emerging 
from the literature on the subject are that (a) preferences for residential locations do play a role in 
how households respond to their built environments, but also (b) built environments exert 
significant – though often small – independent influences on travel behavior, beyond what can be 
attributed to preferences, and (c) not all households are able to choose residential locations that 
match their preferences (Cao et al., 2007b, 2010; Chatman, 2009).  
It has now become the norm to attempt to account for residential location preferences in 
travel behavior research in the U.S. Preferences are rarely addressed in developing contexts, 
however, and due to data limitations, are not included in this research. While the lack of ability to 
test for or control selection bias is a limitation of this work, there are two reasons that suggest the 
potential for self-selection bias is minimized in the context of TransMilenio.  
The first reason is that, even though the treatment (BRT access) was not randomly 
applied, differences in mobility needs and financial resources between treatment and control areas 
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generally are small, falling within accepted ranges for comparability in quasi-experimental 
research.  
The second reason is that substantial barriers limit the ability to surveyed households to 
exercise their residential location preferences. For lower-wealth households, the primary barrier is 
the expense of moving. Residential turnover among Bogotá’s lower-wealth households is low, 
and as other researchers have noted, location decisions among Bogotá’s low-wealth households 
are more likely driven by availability and affordability of housing than by preferences for 
particular built environments or travel opportunities (Cervero et al., 2009; Bocarejo and Oviedo, 
2012).  
Higher-wealth households are better positioned financially to exercise preference, and 
changing prices for trunk-area housing suggests some residential sorting has taken place in this 
segment. As previously mentioned, several studies have found increasing demand for higher-end 
housing within moderate walking distance of the TransMilenio trunk service. However, 
placement of the trunk lines along the city’s busiest and most-intensely developed corridors 
means the amount of land available to increase the supply of housing in response to this demand 
was severely limited, at least initially. The upshot is that, while households that value proximity 
to the BRT show an increased willingness to pay for that proximity, the extent to which 
households were able to opt into trunk service was limited by the lack of additional housing.  
Interestingly, studies also found lower prices for residential properties located 
immediately adjacent to (within 500m of) the trunk corridors (e.g., Rodríguez and Targa, 2004; 
Muñoz-Raskin, 2010). This is the same area in which in which the relationship between distance 
to the trunk service and the odds of vehicle ownership among higher-wealth households was the 
strongest. It is possible that the mobility benefit of location in close proximity to the trunk lines 
attracted the minority of higher-wealth households that were not motorized at the time, while 
driving away the majority that were motorized. However, it is worth questioning, even among 
higher-wealth households, whether the cost of relocating to satisfy mobility needs was not 
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substantially greater than the cost of changing ones vehicle ownership status. A more plausible 
explanation is that trunk line proximity lessened the perceived need for vehicle ownership among 
households that (a) were already located there, and (b) were not terribly inclined toward vehicle 
ownership in the first place.  
Additional threats: Preferences for vehicle ownership and travel behavior 
As detailed by Vasconcellos (2001) and discussed in Chapter 4, vehicle ownership is 
explained by a number of psychosocial factors in addition to mobility needs. Understanding of 
these factors and how to model them is very limited. To my knowledge, no empirical studies of 
the relationship between the built environment and vehicle ownership have included explicit 
measures of these psychosocial factors. I have attempted to capture them in this research by 
controlling for household attributes. However, the very low pseudo r-squares in my vehicle 
ownership models suggest that the psychosocial drivers of vehicle ownership are poorly 
accounted for.  
Travel behavior is similarly influenced by individuals’ preferences and attitudes about 
travel behavior. For example, attitudes toward the use of certain travel modes affect the likelihood 
individuals will use that mode. Travel preferences are often included in studies on the built 
environment determinants of travel behavior in developing settings (e.g., Kitamura et al., 1997; 
Bhat and Guo, 2007; Cao et al., 2007; Coogan et al., 2007), but they are usually neglected in 
developing contexts, and travel behavior preferences were not included in either of the surveys 
used in the current study. Omission of travel preferences could be a significant source of bias, 
even among low-wealth households. In a recent focus group study of travel preferences in 
Bogotá, Mosquera et al (2012) noted stigmas associated with the use of nonmotorized modes in 
Bogotá. In particular, cycling was associated with poverty and delinquency, despite recognition 
by focus group participants that cycling was cheaper, quicker, and healthier than motorized 
transport.  
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The city of Bogotá’s periodic, citywide household surveys are a useful and rare asset for 
travel research in developing contexts, but their exclusion of any data on preferences clearly 
limits the conclusions that can be drawn about household-level impacts of mobility interventions.  
Bias due to changes in survey methodology and sample composition 
Other sources of bias include changes in survey methodology and (for the travel behavior 
analysis) changes in the composition of the sample from pre-test to post-test. In both cases, I 
believe the impacts of the changes are limited and do not undermine the contribution of the 
research.  
As discussed in Chapter 4 (p. 67), the surveys were conducted by different agencies and 
followed somewhat different methodologies; however, the survey methodologies were consistent 
within years across treatment and control groups. Thus, while the absolute changes in outcomes 
from pre-test to post-test may be biased, the significance, direction, and magnitude of the effect of 
location within the treatment group should not be biased. 
In the vehicle ownership analysis, I restricted the sample to lower-wealth households that 
were not motorized in the year they were surveyed. Doing so allowed me to focus on travel 
patterns of car-less households, which likely respond to their environments differently than 
motorized households. On one hand, this restriction may bias the results downward and increase 
the likelihood of a type II error, as it, in theory, removes the households that were most sensitive 
to the changes introduced by TransMilenio (i.e., the households that became motorized) from the 
sample. The inconsistent and ambiguous results with respect to travel behavior may have been 
due in part to this exclusion. On the other hand, as I described in Chapter 5 (pp. 103-104), 
simultaneously examining the impacts of the built environment on the travel behavior of 
motorized and nonmotorized households in this context would result in intractable models. A 
better approach (which was not an option for this research) would have been to use panel data 
rather than repeated cross-sections. Panel data would remove the need for treatment*year 
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interactions, thus making room for simultaneous modeling of the influences of the built 
environment on travel behavior, of the built environment on vehicle ownership, and of travel 
behavior and vehicle ownership on each other. 
Bias due to the short time frame 
A clear limitation of this study is the timeframe. The post-test survey was conducted in 
2005; because of TransMilenio’s phased implementation, this means some households received 
BRT service only one to three years prior to the post-test. While the sensitivity analysis did not 
reveal differences in household responses by treatment phase, it is highly plausible that three 
years – or even five years – is not long enough for households to fully adjust, especially with 
respect to vehicle ownership or residential location, to such a radical change in transit service. 
Data from a 2010 mobility survey has been recently released in Bogotá, enabling the analysis of 
longer-term impacts of TransMilenio. It will be interesting to see if the results from the current 
study are corroborated by the 2010 data. 
External validity 
Finally, it is important to bear in mind the uniqueness of the case of Bogotá when 
generalizing the findings here to other settings, populations, and types of transit interventions.  
Setting 
As I described in Chapter 2, the circumstances under which TransMilenio was born are 
unique (though the challenge of providing high-quality, affordable transit in a setting with large 
numbers of private operators is not unique among large developing cities). TransMilenio involved 
a dramatic change in an entrenched transit service paradigm; it was not simply the introduction of 
a new service on top of a pre-existing one. In cities that are seeking to add BRT to their existing 
transit services, such as if often the case in U.S. cities, the impacts of BRT investment may be 
dramatically different.  
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Treatments 
Recall as well that TransMilenio is not just a bus system. It also includes concurrent, 
sometimes aggressive investment in pedestrian infrastructure, roadways, and housing stock. As I 
discussed in Chapter 4, it may have been these concurrent programs driving the changes in 
vehicle ownership among feeder-served households, rather than the feeder service itself. An 
intervention that involves only changes in transit service, and not concurrent supportive 
programs, will likely yield very different outcomes.  
Similarly, the results presented here may also generalize poorly to other types of transit 
technologies. For example, introduction of a subway system involves more permanent 
infrastructure and takes more lead time than introduction of BRT, both of which may result in 
more substantial changes in property values and, thus, changes in the composition of the 
populations with access to the new system. A subway would also involve fewer changes to the 
streetscape than the on-street infrastructure required for BRT, possibly resulting in different 
responses by travelers to the intervention.  
Units of analysis 
The unit of analysis for this research was the household, which is the level at which 
vehicle ownership and travel decisions are made. Had I used a more aggregate-scale unit of 
analysis, such as the neighborhood, my results with respect to higher-wealth households may 
have been somewhat different, but probably not so for lower-wealth households. The reason for 
this is that, based on research on property value impacts of TransMilenio, housing may be turning 
over more rapidly in higher- wealth neighborhoods than in lower-wealth neighborhoods. A 
neighborhood-level analysis in predominantly higher-wealth neighborhoods would mask 
variations in household characteristics that may be correlated with the likelihood a household 
would opt in or out of a TransMilenio-served neighborhood. As housing turnover appears to be 
happening more slowly among predominantly lower-wealth neighborhoods, I believe a more 
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aggregate unit of analysis may yield similar results. That said, I firmly believe that, given that the 
goal of this research was to understand the factors that influence mobility and motorization 
pressures, the entity experiencing those pressures is the correct unit of analysis. That entity is the 
household, and only by using the household as the unit of analysis are we able to make causal 
inferences about households’ responses to their environments. 
Outcomes  
Finally, the results presented here are specific to the outcomes investigated. I discussed 
issues of poor generalizability across travel behavior outcomes in detail in Chapter 3 (p. 34) and 
again in Chapter 5 (p. 108; travel behavior outcomes generalize poorly to studies driven by 
different research objectives). Different methods of measuring vehicle ownership may lead to 
different results: as mentioned previously in this chapter, motorcycle ownership may respond 
differently to environmental changes than automobile ownership, even though both types of 
vehicles may have similar implications for households’ abilities to meet their mobility needs. 
Even though there are over 125,000 motorcycles registered in Bogotá today, motorcycle 
ownership in Bogotá is modest compared to other cities in the developing world, particularly in 
Asia. The reader should use caution when extrapolating the results of this study to settings in 
which motorcycle ownership is more prevalent. 
Conclusions 
Contributions to scholarship 
In spite of the limitations described above, this research makes several key contributions 
to the built environment/travel behavior literature. First, under certain conditions, urban form 
exerts a significant influence on the relationship between transit access and vehicle ownership. 
While I hypothesized that supportive urban form strengthens the relationship between transit 
access and travel outcomes, I found that, in the case of Bogotá, urban form moderates the 
unexpected negative impacts of BRT access on vehicle ownership. Even though the nature of the 
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urban form/BRT access/vehicle ownership relationship was not quite as hypothesized, the 
importance of allowing for interactions among elements of the built environment is clearly 
demonstrated in this research. Neglecting these interactions may lead to biased and inconsistent 
results. Further research in different settings is needed to determine if the interactions between 
urban form and BRT access seen here are generalizable to higher-wealth populations, different 
types of transit systems, and to travel outcomes other than vehicle ownership. 
The second key contribution involves the focus on vehicle ownership and the built 
environment under conditions of rapid change. Research from the U.S. and other developed 
settings rarely addresses vehicle ownership, in large part because vehicle ownership levels are 
stable and nearly universal, making it difficult to observe non-marginal relationships between 
vehicle ownership and the built environment. Vehicle ownership studies are much more prevalent 
in developing contexts – where vehicle ownership levels are changing rapidly – but they tend to 
focus on the economic drivers of motorization, rather than on built environment/vehicle 
ownership relationships. By focusing on the environmental correlates of vehicle ownership in a 
rapidly changing setting, this research fills a gap in the literature and provides new evidence of a 
connection between the built environment and travel outcomes, beyond that which can be 
attributed to wealth and financial resources. 
Finally, while there is a large body of literature using travel behavior variables as they 
relate to physical activity, congestion reduction, energy use, and air quality (to name just a few), 
this research takes a unique step toward understanding how to construct travel behavior variables 
that measure the concept of mobility. This research also introduces a promising new measure of 
mobility: travel purpose diversity. The advantage of purpose diversity over more traditional travel 
measures is that it captures not the quantity or quality of travel, but the extent to which that travel 
helps households fulfill their needs and desires to participate in a variety of activities. Therefore, 
unlike the more traditional measures, the relationship between travel purpose diversity and the 
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underlying construct of ‘fulfillment of mobility needs’ should, in theory, be consistent regardless 
of context. 
Much more work is needed to improve our understanding of the relationship between 
revealed travel and the degree to which the environment enables households to meet their 
mobility demands, particularly among low-mobility, resource-constrained populations. The size 
and influence of the gap between actual and desired mobility is likely to grow globally in the 
coming years as fuel costs rise and households feel mounting economic strain, increasing the size 
of the population that is transportation-disadvantaged. Unfortunately, we still lack valid, reliable, 
and efficient methods to measure the extent to which households are unable to meet their travel 
needs, making it difficult to design interventions to address those unmet needs. It is my hope that 
the current research motivates and serves as a jumping off point for further research in this arena.  
Implications for practice and policy 
The rapid pace of motorization in developing cities shows no signs of slowing down, 
thanks to increasing mobility demands and availability of inexpensive cars and motorcycles. 
However, this research shows that, under the right conditions, BRT investment has the potential 
to provide a viable alternative to motorization for some households. The key to unlocking this 
potential is urban form. In neighborhoods with urban form patterns that encourage transit and 
nonmotorized travel, the benefits of BRT access in terms of alleviating motorization pressures 
were clear, particularly for lower-wealth households. And where urban forms did not support the 
BRT, the result was a noticeable increase in vehicle ownership. In other words, urban form – an 
oft-neglected element of BRT planning – matters, and it matters for a population whose needs are 
often ignored in mass transit plans. Development policies that promote supportive urban form are 
critical to maximizing the benefits of BRT investment. 
Equally critical, especially in developing contexts, is ensuring the BRT services 
accommodate pre-existing travel patterns. In Bogotá as in most major developing cities, a major 
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share of the demand for transit is met by private operators with substantial political power. For a 
mass transit investment to succeed, this private service either needs to be replaced or – as was the 
case with TransMilenio – restructured and incorporated into the new system. In short, mass transit 
investment in developing contexts generally means replacing one form of transit with another 
one, rather than adding a new system on top of an old one. The nature of mass transit is to serve 
high-demand corridors; the benefits of mass transit thus accrue disproportionately to households 
whose mobility patterns align with those corridors. In Bogotá, those households were 
predominantly higher-wealth, trunk-served households. In the lower-wealth peripheral areas, 
there is evidence that the change from the conventional service to BRT resulted in a reduction in 
transit service levels for some households.  
Why is it so important to get BRT right for lower-wealth households? This segment 
represents the greatest potential for growth in vehicle ownership. The biggest gains in terms of 
slowing the pace of motorization can thus be found by using coordinated urban form and BRT to 
alleviate motorization pressures among lower-wealth populations. At the same time, planners also 
need to understand the impacts of coordinating urban form with transit service on the availability 
and affordability of housing. Studies around the world have shown that, regardless of transit 
service, lower-wealth households are more likely to be located in settings with poorer access to 
destinations, fewer opportunities for nonmotorized travel, and greater exposure to traffic-related 
injuries and illness than higher-wealth households (e.g., Lovasi et al., 2009; Neckerman et al., 
2009; Sandroni, 2011). Meanwhile, where transit investment and transit-supportive urban form 
are well coordinated, numerous studies have demonstrated increasing demand for residential 
property, regardless of context or transit type (for example, Bartholomew and Ewing, 2011; 
Cervero and Kang, 2011; Duncan, 2011a, 2011b). Thus, planners are faced with the double-edged 
challenge of ensuring that transit investments are appropriately supported through urban form 
while also maintaining supplies of affordable housing as demand for housing in transit-served 
neighborhoods increases.  
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Lessons for Bogotá 
In 2012, TransMilenio experienced a series of costly protests over service inadequacies, 
rising fares, and extreme overcrowding. These protests came at a time in which the system was 
experiencing record ridership, with well over 1.5 million boardings per day. As I mentioned in 
Chapter 2, this paradox underlies one of the central questions that drove this research: What is the 
difference between the success of a transit system, measured in terms of its ridership, and its 
ability to meet the needs of the population it is intended to serve.  
I believe this question can be answered in part by Bogotá’s spatial segregation, and what 
that segregation means for the types of service received by different segments of the city’s 
population. Higher-wealth households were less likely to be motorized if they were located within 
close proximity to the trunk service, suggesting that the introduction of trunk services may have 
increased their travel options and reduced motorization pressures. Among these higher-wealth 
households, transit is likely to be one of several elements in the bundles of mobility options. So, 
they can enjoy the benefits of introduction of trunk services without suffering the consequences 
of the removal of conventional transit (because they have other mobility options). Lower-wealth 
households do not appear to have experienced the same mobility benefits, and they have a smaller 
bundle of travel options than higher-wealth households. Thus, they are more likely to have been 
negatively impacted by TransMilenio – which for them largely meant replacing conventional 
transit with the feeder service – because they are less able to fill gaps in their mobility with other 
travel modes. In other words, TransMilenio appears to be providing a higher quality service to 
choice users, and a lower quality service to captive users. As Bogotá moves forward with 
additional phases of TransMilenio, if those captive users continue to feel disadvantaged by 
Bogotá’s transit service overhaul, they will feel continued pressure to motorize. 
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APPENDIX I – FULL MODEL RESULTS, ANALYSIS I (CH. 4) 
Table I-1. Full regression results for BRT access models, higher-wealth households 
  Model 1.1   Model 1.2  
  
(buffer model; 
all households) 
  
(distance model; 
households <1200m 
from trunk) 
 
VARIABLES  Coef SE OR   Coef SE OR  
Year  -0.031 (0.171) 0.969   -3.128 (0.915) 0.0438 *** 
Trunk_inner  -0.064 (0.290) 0.938       
Trunk_inner*year  -0.987 (0.332) 0.373 ***      
Trunk_outer  -0.038 (0.171) 0.963       
Trunk_outer*year  -0.058 (0.230) 0.944       
Trunk_dist       -0.275 (0.219) 0.760  
Trunk_dist*year       0.867 (0.277) 2.380 *** 
Trunk_dist2       0.020 (0.016) 1.020  
Trunk_dis2*year       -0.061 (0.020) 0.941 *** 
Adults  0.159 (0.059) 1.172 ***  0.168 (0.088) 1.183  
Children  0.216 (0.042) 1.241 ***  0.167 (0.060) 1.182 *** 
Women  -0.137 (0.076) 0.872   -0.102 (0.108) 0.903  
Women*stratum5  0.452 (0.136) 1.571 ***  0.218 (0.143) 1.243  
Hightech  1.200 (0.288) 3.321 ***  1.306 (0.413) 3.693 *** 
Collgrad  2.357 (0.279) 10.56 ***  2.378 (0.414) 10.78 *** 
Jobseek  -0.840 (0.256) 0.432 ***  -0.344 (0.302) 0.709  
Female  -0.805 (0.139) 0.447 ***  -0.828 (0.203) 0.437 *** 
Stratum5  0.310 (0.239) 1.364   0.813 (0.251) 2.256 *** 
CBD_dist  0.008 (0.004) 1.008   0.025 (0.007) 1.025 *** 
Constant  -1.857 (0.315) 0.156 ***  -1.285 (0.781) 0.277 *** 
Observations    3,810     2,158  
Prob > chi
2
    0.000     0.000  
Log-likelihood  -2100.886   -1161.3791  
McFadden’s R
2
  0.143   0.168  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Distance models also adjusted for proximity to feeder 
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Table I-2. Full regression results, BRT access & urban 
form, higher-wealth 
  Model 3.1 (full)  
VARIABLES  Coef SE OR  
Year  -0.179 (0.165) 0.836  
Trunk_inner  -0.140 (0.306) 0.869  
Trunk_inner*year  -0.859 (0.328) 0.424 *** 
Trunk_outer  -0.041 (0.174) 0.960  
Trunk_outer*year  0.067 (0.226) 1.070  
Proximity  -0.121 (0.129) 0.886  
Support  -0.151 (0.104) 0.860  
Density  -0.054 (0.086) 0.947  
Ciclorruta  0.059 (0.068) 1.061  
Adults  0.160 (0.059) 1.173 *** 
Children  0.223 (0.042) 1.249 *** 
Women  -0.134 (0.074) 0.875  
Women*stratum5  0.449 (0.137) 1.567 *** 
Hightech  1.131 (0.283) 3.097 *** 
Collgrad  2.270 (0.275) 9.683 *** 
Jobseek  -0.859 (0.259) 0.423 *** 
Female  -0.839 (0.139) 0.432 *** 
Stratum5  0.239 (0.238) 1.270  
Constant  -1.394 (0.444) 0.248 *** 
Observations    3,810  
Prob > chi
2
    0.000  
Log-likelihood  -2073.814  
McFadden’s R
2
  0.145  
SE: robust standard errors; OR: odds ratio;  
**p<0.05, ***p<0.01. 
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Table I-3. Full regression results for BRT access models, lower-wealth households 
 
 Model 4.1 
(trunk & feeder access; 
all households) 
 
Model 4.2 
(households <1200m 
from trunk) 
 
Model 4.3 
(households <1200m 
from feeder) 
VARIABLES  Coef SE OR   Coef SE OR   Coef SE OR  
Year  -0.207 (0.062) 0.813 ***  -0.165 0.590 0.848   0.214 0.206 1.239  
Trunk_inner  -0.055 (0.117) 0.946            
Trunk_inner*year  -0.132 (0.200) 0.877            
Trunk_outer  -0.022 (0.082) 0.978            
Trunk_outer*year  -0.036 (0.115) 0.965            
Feeder_inner  -0.239 (0.081) 0.788 ***           
Feeder_inner*year  0.215 (0.091) 1.240 **           
Feeder_outer  -0.167 (0.089) 0.846            
Feeder_outer*year  0.330 (0.115) 1.390 ***           
Trunk_dist       -0.030 (0.100) 0.970       
Trunk_dist*year       0.021 (0.174) 1.022       
Trunk_dist2       0.004 (0.007) 1.003       
Trunk_dist2*year       -0.003 (0.012) 0.998       
Feeder_dist            0.131 0.064 1.140 ** 
Feeder_dist*year            -0.060 0.091 0.941  
Feeder_dist2            -0.010 0.005 0.991 ** 
Feeder_dist2*year            0.005 0.007 1.005  
Adults  0.110 (0.026) 1.116 ***  0.194 (0.036) 1.214 ***  0.095 (0.035) 1.099 *** 
Children  0.092 (0.019) 1.096 ***  0.111 (0.033) 1.118 ***  0.086 (0.025) 1.089 *** 
Women  -0.156 (0.032) 0.855 ***  -0.205 (0.049) 0.814 ***  -0.156 (0.043) 0.856 *** 
Hightech  0.700 (0.060) 2.013 ***  0.620 (0.110) 1.859 ***  0.733 (0.079) 2.082 *** 
Collgrad  1.579 (0.069) 4.851 ***  1.550 (0.109) 4.710 ***  1.592 (0.089) 4.915 *** 
Jobseek  -0.812 (0.104) 0.444 ***  -0.576 (0.179) 0.562 ***  -0.685 (0.137) 0.504 *** 
Lowwage  -0.315 (0.057) 0.730 ***  -0.145 (0.079) 0.865   -0.270 (0.074) 0.763 *** 
Nowage  -0.393 (0.135) 0.675 ***  -0.172 (0.194) 0.842   -0.344 (0.170) 0.709 ** 
Female  -0.933 (0.074) 0.393 ***  -0.801 (0.106) 0.449 ***  -0.926 (0.100) 0.396 *** 
Stratum3  0.747 (0.055) 2.110 ***  0.664 (0.094) 1.942 ***  0.686 (0.076) 1.986 *** 
CBD_dist  -0.001 (0.002) 0.999   0.000 (0.004) 1.000   -0.001 (0.003) 0.999  
Constant  -2.310 (0.112) 0.0992 ***  -2.456 (0.361) 0.086 ***  -2.834 (0.218) 0.059 *** 
Observations  20,348   7,315   12,361  
Prob > chi2  0.000   0.000   0.000  
Log-likelihood  -9519.622   -3831.926   -5539.654  
McFadden’s r2  0.109   0.095   0.098  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
Adjusted for proximity to other BRT service type 
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Table I-4. Full regression results, BRT access & urban form, lower wealth 
   Uninteracted  Interacted  
VARIABLES  Coef SE OR   Coef SE OR  
Year  -0.311 (0.160) 0.733   -0.190 (0.0620) 0.827 *** 
Trunk_inner  -0.076 (0.132) 0.927   -0.077 (0.128) 0.926  
Trunk_inner*year  -0.095 (0.218) 0.909   1.314 (0.762) 3.720  
Trunk_outer  -0.035 (0.086) 0.966   -0.038 (0.0847) 0.962  
Trunk_outer*year  -0.003 (0.121) 0.997   -0.436 (0.403) 0.647  
Feeder_inner  -0.067 (0.088) 0.935   -0.085 (0.0839) 0.918  
Feeder_inner*year  0.188 (0.105) 1.207   0.819 (0.314) 2.269 *** 
Feeder_outer  -0.090 (0.098) 0.914   -0.098 (0.0937) 0.907  
Feeder_outer*year  0.246 (0.123) 1.279 **  0.082 (0.349) 1.086  
Proximity  0.062 (0.044) 1.064   0.069 (0.0422) 1.071  
Proximity*year  -0.013 (0.062) 0.987       
Proximity*trunk_inner*year       -0.835 (0.354) 0.434 ** 
Proximity*trunk_outer*year       0.007 (0.129) 1.007  
Proximity*feeder_inner*year       -0.270 (0.128) 0.763 ** 
Proximity*feeder_outer*year       0.010 (0.111) 1.010  
Support  -0.103 (0.044) 0.902 **  -0.101 (0.0363) 0.904 *** 
Support*year  -0.028 (0.059) 0.972       
Support*trunk_inner*year       0.114 (0.433) 1.120  
Support*trunk_outer*year       0.030 (0.120) 1.030  
Support*feeder_inner*year       -0.320 (0.127) 0.726 ** 
Support*feeder_outer*year       -0.092 (0.0873) 0.912  
Density  -0.048 (0.023) 0.953 **  -0.033 (0.0217) 0.968  
Density*year  0.036 (0.039) 1.037       
Density*trunk_inner*year       -0.395 (0.123) 0.674 *** 
Density*trunk_outer*year       0.135 (0.0833) 1.145  
Density*feeder_inner*year       -0.053 (0.0451) 0.948  
Density*feeder_outer*year       0.032 (0.0855) 1.033  
Ciclorruta  0.028 (0.040) 1.029   0.032 (0.0320) 1.032  
Ciclorruta*year  0.034 (0.045) 1.034       
Ciclorruta*trunk_inner*year       0.488 (0.351) 1.628  
Ciclorruta*trunk_outer*year       0.027 (0.0791) 1.027  
Ciclorruta*feeder_inner*year       -0.042 (0.0762) 0.959  
Ciclorruta*feeder_outer*year       0.073 (0.0563) 1.076  
Adults  0.115 (0.025) 1.122 ***  0.118 (0.026) 1.125 *** 
Children  0.092 (0.019) 1.096 ***  0.093 (0.019) 1.098 *** 
Women  -0.154 (0.032) 0.857 ***  -0.155 (0.032) 0.856 *** 
Hightech  0.695 (0.061) 2.004 ***  0.694 (0.061) 2.002 *** 
Collgrad  1.553 (0.070) 4.724 ***  1.547 (0.070) 4.696 *** 
Jobseek  -0.812 (0.104) 0.444 ***  -0.806 (0.104) 0.447 *** 
Lowwage  -0.317 (0.057) 0.728 ***  -0.318 (0.057) 0.727 *** 
Nowage  -0.399 (0.137) 0.671 ***  -0.418 (0.141) 0.658 *** 
Female  -0.938 (0.074) 0.392 ***  -0.938 (0.074) 0.392 *** 
Stratum3  0.676 (0.056) 1.966 ***  0.687 (0.057) 1.988 *** 
Constant  -2.245 (0.134) 0.106 ***  -2.307 (0.137) 0.100 *** 
Observations  20,312   20,312  
Prob > chi
2
  0.000   0.000  
Log-likelihood  -9489.553   -9479.840  
McFadden’s R
2 
 0.111   0.112  
SE: robust standard errors; OR: odds ratio; **p<0.05, ***p<0.01. 
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APPENDIX II – FULL MODEL RESULTS, ANALYSIS II (CH. 5) 
Table II-1. Full regression results, total tour frequency (Poisson) 
 
 Uninteracted 
  
Interacted   
VARIABLES  Coef SE IRR 
  
Coef SE IRR 
 y2005  -0.374 (0.018) 0.688 *** 
 
-0.371 (0.018) 0.690 *** 
Trunk  0.032 (0.018) 1.033 
  
0.022 (0.017) 1.023 
 Trunk*year  -0.085 (0.028) 0.919 ** 
 
-0.186 (0.121) 0.831 
 Feeder_inner  0.015 (0.024) 1.015 
  
0.021 (0.024) 1.022 
 Feeder_inner*year  -0.011 (0.031) 0.989 
  
-0.023 (0.099) 0.978 
 Feeder_outer  -0.033 (0.022) 0.968 
  
-0.025 (0.022) 0.975 
 Feeder_outer*year  0.049 (0.034) 1.051 
  
0.191 (0.098) 1.210 
 Proximity  0.012 (0.010) 1.012 
  
0.023 (0.011) 1.023 ** 
Proximity*trunk*year  
     
0.016 (0.037) 1.017 
 Proximity*feeder_inner*year  
     
-0.043 (0.037) 0.958 
 Proximity*feeder_outer*year  
     
-0.075 (0.021) 0.928 *** 
Support  -0.012 (0.010) 0.988
  
-0.008 (0.011) 0.992 
 Support*trunk*year  
     
0.010 (0.045) 1.010 
 Support*feeder_inner*year  
     
-0.031 (0.060) 0.969 
 Support*feeder_outer*year  
     
0.001 (0.032) 1.001 
 Density  0.001 (0.006) 1.001
  
-0.003 (0.007) 0.997 
 Density*trunk*year  
     
0.027 (0.029) 1.027 
 Density*feeder_inner*year  
     
0.012 (0.015) 1.012 
 Density*feeder_outer*year  
     
-0.026 (0.023) 0.975 
 Ciclorruta  0.001 (0.009) 1.001
  
0.007 (0.009) 1.007 
 Ciclorruta*trunk*year  
     
0.000 (0.036) 1.000 
 Ciclorruta*feeder_inner*year  
     
-0.005 (0.043) 0.995 
 Ciclorruta*feeder_outer*year  
     
-0.039 (0.020) 0.962 ** 
Adults  0.476 (0.015) 1.610 *** 0.477 (0.015) 1.611 *** 
Children  0.065 (0.004) 1.067 ***  0.065 (0.004) 1.067 *** 
Women  -0.028 (0.007) 0.972 ***  -0.029 (0.007) 0.971 *** 
Hightech  0.135 (0.011) 1.144 ***  0.135 (0.011) 1.145 *** 
Collgrad  0.218 (0.014) 1.244 ***  0.218 (0.014) 1.243 *** 
Jobseek  -0.282 (0.018) 0.754 ***  -0.282 (0.018) 0.754 *** 
Lowwage  0.060 (0.010) 1.061 ***  0.058 (0.010) 1.060 *** 
Nowage  -0.129 (0.042) 0.879 **  -0.128 (0.042) 0.880 ** 
Female  -0.008 (0.016) 0.992   -0.008 (0.016) 0.993  
Bicycles  0.076 (0.009) 1.079 ***  0.076 (0.009) 1.079 *** 
Stratum3  0.037 (0.013) 1.038 **  0.034 (0.013) 1.035 ** 
Constant  -0.429 (0.036) 0.651 *** 
 
-0.430 (0.038) 0.650 *** 
Observations  15,351  15,351 
 Prob > chi
2
  0.000   0.000 
 Log-likelihood  -22426     -22417  
SE: robust standard errors; IRR: incidence rate ratio; **p<0.05; ***p<0.01. 
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Table 21. Full regression results, non-car tour frequency (Poisson) 
 
 Un-interacted     Interacted   
VARIABLES  Coef SE IRR 
  
Coef SE IRR 
 Year  -0.349 (0.018) 0.705 *** 
 
-0.346 (0.019) 0.707 *** 
Trunk  0.024 (0.019) 1.025 
  
0.017 (0.019) 1.017 
 Trunk*year  -0.074 (0.029) 0.928 ** 
 
-0.228 (0.121) 0.796 
Feeder_inner  0.028 (0.025) 1.028 
  
0.034 (0.025) 1.034  
Feeder_inner*year  -0.022 (0.032) 0.978 
  
-0.011 (0.103) 0.989  
Feeder_outer  -0.016 (0.023) 0.984 
  
-0.010 (0.023) 0.990  
Feeder_outer*year  0.032 (0.033) 1.033 
  
0.176 (0.092) 1.192  
Proximity  0.005 (0.010) 1.005 
  
0.013 (0.012) 1.013 
 Proximity*trunk*year  
     
0.030 (0.036) 1.030 
 Proximity*feeder_inner*year  
     
-0.034 (0.040) 0.967 
 Proximity*feeder_outer*year  
     
-0.061 (0.020) 0.941 ** 
Support  -0.011 (0.010) 0.989
  
-0.008 (0.011) 0.992 
 Support*trunk*year  
     
0.002 (0.042) 1.002 
 Support*feeder_inner*year  
     
-0.040 (0.067) 0.960 
 Support*feeder_outer*year  
     
0.016 (0.027) 1.016 
 Density  0.004 (0.006) 1.004
  
0.001 (0.007) 1.001 
 Density*trunk*year  
     
0.039 (0.029) 1.040 
 Density*feeder_inner*year  
     
0.007 (0.015) 1.007 
 Density*feeder_outer*year  
     
-0.027 (0.021) 0.973 
 Ciclorruta  -0.000 (0.009) 1.000
  
0.005 (0.009) 1.005 
 Ciclorruta*trunk*year  
     
0.003 (0.035) 1.003 
 Ciclorruta*feeder_inner*year  
     
-0.001 (0.041) 0.999 
 Ciclorruta*feeder_outer*year  
     
-0.039 (0.019) 0.962 ** 
Adults  0.486 (0.015) 1.626 *** 0.487 (0.015) 1.627 *** 
Children  0.067 (0.004) 1.070 ***  0.068 (0.004) 1.070 *** 
Women  -0.026 (0.007) 0.975 ***  -0.026 (0.007) 0.974 *** 
Hightech  0.126 (0.012) 1.135 ***  0.127 (0.012) 1.136 *** 
Collgrad  0.173 (0.016) 1.189 ***  0.173 (0.016) 1.189 *** 
Jobseek  -0.280 (0.019) 0.756 ***  -0.280 (0.019) 0.756 *** 
Lowwage  0.081 (0.011) 1.084 ***  0.080 (0.011) 1.083 *** 
Nowage  -0.154 (0.045) 0.857 ***  -0.154 (0.046) 0.858 *** 
Female  -0.001 (0.017) 0.999   -0.001 (0.017) 0.999  
Bicycles  0.072 (0.010) 1.074 ***  0.071 (0.010) 1.074 *** 
Stratum3  0.013 (0.014) 1.013   0.011 (0.014) 1.011  
Constant  -0.513 (0.039) 0.598 *** 
 
-0.516 (0.041) 0.597 *** 
Observations  15,351   15,351 
 Prob > chi
2
  0.000   0.000 
 Log-likelihood  -22327      -22321  
SE: robust standard errors; IRR: incidence rate ratio; **p<0.05; ***p<0.01. 
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Table 22. Full regression models, discretionary tour frequency (negative binomial) 
  Un-interacted     Interacted   
VARIABLES  Coef SE IRR 
  
Coef SE IRR 
 Year  -0.855 (0.065) 0.425 *** 
 
-0.845 (0.067) 0.430 *** 
Trunk  0.078 (0.054) 1.081 
  
0.060 (0.054) 1.062 
 Trunk*year  -0.141 (0.091) 0.868 
  
0.197 (0.383) 1.217 
 Feeder_inner  0.055 (0.081) 1.056 
  
0.076 (0.083) 1.079 
 Feeder_inner*year  -0.057 (0.102) 0.945 
  
-0.109 (0.295) 0.897 
 Feeder_outer  -0.013 (0.064) 0.987 
  
0.013 (0.066) 1.013 
 Feeder_outer*year  -0.122 (0.108) 0.885 
  
0.169 (0.350) 1.184 
 Proximity  0.104 (0.035) 1.109 *** 
 
0.133 (0.038) 1.142 *** 
Proximity*trunk*year  
     
-0.153 (0.119) 0.858 
 Proximity*feeder_inner*year  
     
-0.156 (0.122) 0.856 
 Proximity*feeder_outer*year  
     
-0.25 (0.113) 0.779 ** 
Support  -0.026 (0.035) 0.975
  
-0.021 (0.038) 0.979 
 Support*trunk*year  
     
0.110 (0.121) 1.116 
 Support*feeder_inner*year  
     
-0.090 (0.147) 0.913 
 Support*feeder_outer*year  
     
0.067 (0.110) 1.069 
 Density  0.001 (0.023) 1.001
  
-0.010 (0.026) 0.990 
 Density*trunk*year  
     
-0.071 (0.096) 0.932 
 Density*feeder_inner*year  
     
0.044 (0.039) 1.045 
 Density*feeder_outer*year  
     
-0.065 (0.086) 0.937 
 Ciclorruta  -0.000 (0.027) 1.000
  
-0.000 (0.029) 1.000 
 Ciclorruta*trunk*year  
     
0.033 (0.095) 1.033 
 Ciclorruta*feeder_inner*year  
     
-0.027 (0.139) 0.973 
 Ciclorruta*feeder_outer*year  
     
-0.012 (0.070) 0.988 
 Adults  0.275 (0.055) 1.317 *** 0.275 (0.055) 1.316 *** 
Children  -0.023 (0.012) 0.978   -0.022 (0.012) 0.978  
Women  0.036 (0.023) 1.037   0.035 (0.022) 1.036  
Hightech  -0.005 (0.028) 0.995   -0.005 (0.028) 0.995  
Collgrad  0.012 (0.042) 1.012   0.012 (0.042) 1.012  
Jobseek  0.352 (0.050) 1.421 ***  0.352 (0.050) 1.422 *** 
Lowwage  -0.108 (0.033) 0.898 ***  -0.110 (0.033) 0.896 *** 
Nowage  0.555 (0.071) 1.741 ***  0.549 (0.071) 1.732 *** 
Female  -0.031 (0.050) 0.970   -0.031 (0.050) 0.970  
Bicycles  0.138 (0.031) 1.148 ***  0.137 (0.031) 1.147 *** 
Stratum3  0.180 (0.040) 1.198 ***  0.174 (0.040) 1.190 *** 
Constant  -1.081 (0.138) 0.339 *** 
 
-1.072 (0.145) 0.342 *** 
lnalpha  -1.409 (0.128) 0.244 *** 
 
-1.423 (0.129) 0.241 *** 
Observations  15,351  15,351  
Prob > chi
2
  0.000   0.000  
Log-likelihood  13943   13930  
McFadden’s R
2  0.06   0.06  
SE: robust standard errors; IRR: incidence rate ratio; **p<0.05; ***p<0.01. 
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